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Disclaimer

All statements, information, and data given herein are believed
to be accurate and reliable, but are presented without guarantee,
warranty, or responsibility of any kind, expressed or implied.
Statements Or suggestions concerning possible use of this book,
including but not limited to the design of magnetic components,
are made without representation or warranty that any such use
is free of patent infringement, and are not recommendations to
infringe any patents. The user should not assume that all safety
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If a “history of the evolution of United States education in the fields of power electronics is written
at some point in time in the future, it will most certainly discuss the lack of educational courses
in practical magnetics design that has continued since the end of World War 1I.

Even today, where magnetics design is often considered by many institutions of higher learning
as an “outdated and outmoded” subject, this educational problem continues to flourish. Yet,
every modern electronic product today requires some form of power-processing or power-
conditioning circuit for proper operation, and those circuits enviably contain magnetic

components.

Over the past fourteen years, Colonel McLyman’s best-selling two books on magnetic design
principles have provided working engineers with easy-to-use analytical tools to develop
practical and reliable magnetic components of all varieties. These books have, for many of us,
filled the educational void that our college engineering experiences left unfilled, and are now
considered essential reading for new engineers entering the fields of power electronics design,

/{ //A// (J///j

The book you hold in your hands represents Colonel McLyman’s third and m aumquc;wntten
contribution to the design art of magnetics, this time concentrating on practical transformer and
inductor design methods for DC-to-DC switchmode power converter circuits. Here, he has
collected all of the popular converter circuits, together with a brief operation explanation for each
variation followed by practical design examples of the their magnetic components. Like his
previous books, this volume contains a wealth of other useful information on related magnetic
design problems and associated magnetic core characteristics.

Fans of Colonel McLyman's past publications and his methods of step-by-step practical design

examples of magnetic components will find this new book of great utility in designing
transformers and inductors for high-frequency switchmode power converter circuits. Many
thanks, Colonel, for your contributions over the years to the art of magnetics design, and
congratulations for another job well done!

Gordon (Ed) Bloom
President/CEQO

e/j BLOOM associates Inc.
November 1,1992
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Preface

This book has been written primarily to assist the circuit design engineer with the design of
power magnetics for different topologies used in dc to dc converters.

There are now available new integrated circuit pulse-width-modulating chips (PWM) that
simplify the dc to dc converter design. These new PWM chips and the ease of their use have
opened up many power circuit topologies from which the design engineer choose. Each circuit
topology has its good and bad features. These features range from parts count, parts stress
stability, and complexity, There is a tendency for the design engineers to stay with an
established design with which they are more familiar even though the design may not be
optimum for the application. This is done because of good results from past designs and a good
handle on the design procedure for the power magnetic components.

The conversion process in power electronics requires the use of magnetic components which are
often the heaviest and bulkiest items in the power conversion circuit. They also have a significant
effect on the system’s overall performance and efficiency. Accordingly, the design of such
components has an important influence on overall system weight, power conversion efficiency,
and cost. Because of the interdependence and interaction of parameters, judicious tradeoffs are
necessary to achieve design optimization.

Traditionally, the design of magnetic components for power conversion circuits has been very
time-consuming even for a single component, and extremely burdensome when multiple
components are involved. The result, in many instances, is a component in which the design is
not optimized.

The main goal of this book is to enlighten the engineer by a step-by-step design procedure for
different types of power circuit topologies, The design engineer will be able to see various circuit
topologies to compare performance, He/she will be able to see how the magnetics are designed
to a given specification, from picking the core to selecting the correct wire size to meet the
regulation and temperature rise. From these design examples the engineer can now assess the
complexity of the design and make tradeoffs as to which is better suited for the application.
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The material is organized so the student engineer or technician, starting at the beginning of the
book and continuing through to the end, will gain a comprehensive knowledge in transformer
and inductor design for different topologies used in dc to dc converters.

No responsibility is assumed by the author or the publisher for any infringement of patent or
other rights of third parties which may result from the use of circuits, systems, or processes

described or referred to in this book.

1 wish to thank the manufacturers represented in this book for their assistance in supplying
technical data.

Colonel Wm. T. McLyrnan
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Dmax
Dmin

Dy

Eng

Regulation, %
effective cross section of the core, cm?2

area product, cm’

surface area of the transformer, cm’
wire area, cm2

bare wire area, cm?

insulated wire area, cm’

primary wire area, cm’
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American Wire Gage
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winding length, cm

skin depth, cm

magnetizing force, oersteds

current, amps
charge current, amps
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1d
in
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I'm
1,
]o(max)

lo(min)

delta current, amps
diode current, amps

input current, amps
inductor current, amps
magnetizing current, amps
load current, amps
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minimum load current, amps
primary current, amps

peak current, amps

mot mean square current, amps
secondary current, amps
current density, amps per cm?
electrical coefficient
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core geometry coefficient
window utilization factor
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watt density, cm’
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magnetic path, cm

mean length turn, cm
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initial permeability
incremental permeability
core material permeability
relative permeability
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Symbols (cont.)

Sng

Sns

turns ratio
turns

gate turns
primary turns

secondary turns

overwind, %

watts

copper 10ss, watts

core 10ss,” watts

input power, watts

output power boost, watts

output power, watts

primary copper loss, watts
secondary copper loss, watts

total loss (core and copper), watts
total apparent power, watts

total secondary load power, watts
primary apparent power, watts
secondary apparent power, watts
resistance, ohms

copper resistance, chms
maximum load resistance (lowest current), ohms
minimum load resistance (highest current), ohms
load resistance, ohms

primary resistance, ohms
transistor on resistance, ohms
secondary resistance, ohms

total resistance, ohms
switched mode power supply
strands

gate strands

primary strands

secondary strands
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. Symbols (cont.)

$1 conductor area/wire area
Sy wound area /usable window
S3 usable window area /window area
S4 usable window area/usable window area + insulation area
T total period, seconds
‘on transistor on time, seconds
toff transistor off time, seconds
tpw pulse width, seconds
T, temperature rise, degrees C
ts time to saturate the mag-amp
tw dwell time, seconds
tew total dwell time, seconds
VA volt-amps
Ve control voltage, volts
V4 diode voltage drop, volts
‘ Vm input voltage, volts

Vmax maximum applied voltage

Vmin minimum applied voltage

Vo output voltage, volts

‘p primary voltage, volts

VQ voltage across device when on, volts
Vg secondary voltage, volts

w watts

W, window area, cm’

W-S watt-seconds

Wicu copper weight, grams
Wife iron weight, grams
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Introduction

The conversion process in power electronics requires the use of transformers and inductors,
components which frequently are the heaviest and bulkiest item in the conversion circuits.
They also have a significant effect upon the overall performance and efficiency of the system.
Accordingly, the design of such magnetic components has an important influence on overall
system weight, power conversion efficiency and cost. Because of the interdependence and

interaction of parameters, judicious tradeoffs are necessary to achieve design optimization.
Magnetic Core and its Power Handling Capability

For years manufacturers have assigned numeric codes to their cores; these codes represent the

power-handling ability. This method assigns to each core a number which is the product of its
window area W, and core cross section area, A, and is called Area Product, A,.

A, = WA, [ecm’] (1.2)
These numbers are used by core suppliers to summarize dimensional and electrical properties in
their catalogs. They are available for laminations, C.-cores, ferrite cores, powder cores and
toroidal tape-wound cores. A typical EE ferrite is shown in Figure 1.1.

Magnetic Path Length (MPL)
Mean Length Turn (MLT)

’ ,
HE RN

....... z. Y

" Window Area (W)

M

Iron Area (A.)

Figure 1.1 Typical EE ferrite core.

There is another equation that relates to the power handling capability of the core and that is
the core geometry Kg. The core geometry, Kg, is also related to regulation or copper loss I’

Every core has its own inherent Kg. The core geometry Kg, is relatively new and magnetic cm-e

manufacturers are beginning to list this coefficient.

W,AZK,

STMIT [cm ] (1.2)




This equation is similar to area product equation except by two additional terms window
utilization, Ku, and the mean length turn, MLT. Window utilization, Ky, deals with a factor on

how much copper is being placed in the window. Mean length turn, MLT, is the average turn of
copper wire. They both have to do with regulation. Core geometry, Ky, is treated extensively
throughou t this book. Additional information is also presented for the convenience of the
designer. Much of the material is in tabular form to assist the designer in making the tradeoffs
best suited for his or her particular application in a minimum amount of time,

This relationship can now be used as a new toolto simplify and standardize the process of
transformer and inductor design, The core geometry, Kg,will make it possible to design

magnetic components of lighter weight and smaller volume or to optimize efficiency without
going through a cut and try design procedure. While developed specifically for aerospace
applications, the information has wider utility and can be used for the design of high
frequency, small size, magnetics for appliances and computers as well.

Core Geometry Kg
Transformers

Although most transformers are designed for a given temperature rise, they can also be designed
for a given regulation. The regulation and power-handling ability of a core are related to two

constants:
P
Kg = ! ’ 1.3
0= 5y [om'] 13
o (L4)
2K K, |

The constant, K, is determined by the core geometry which is related by the following
equation:

_WAK,

’ 1.5

The constant, K, is determined by the magnetic and electric operating conditions which is

w




related by the following equation:

K,=0.145K:f*B}10™ (1.6)

m
where

K, = waveform coefficient
K, =4. O, square wave .7
K, = 4.44, sine wave

From the above, it can be seen that factors such as flux density, frequency of operation, and

waveform coefficient all have an influence on the transformer size.

Inductors

Inductors, like transformers, are designed for a given temperature rise. They can also be
designed for a given regulation. The regulation and energy handling ability of a core are
related to two constants:

K, -M}%E}/)[cms] (1.8)
o= ;efﬂ [%] (19)
g e

T‘he constant, Kg, is determined by the core geometry which is related by the following
equation:
_W.AK,

K
8 MLT

[em®] (1.10)

The constant, K, is determined by the magnetic and electric operating conditions and is related
by the following equation:
K,=0.145P B2 10 (1.11)

o7 max

where

P, = output power [watts] (1.12)



B

B,.. =B, +

max

2“” [tesla] (1.13)

From the above, it can be seen that flux density is the predominant factor governing size.

Transformer Considerations

The designer is faced with a set of constraints which must be observed in the design of any
transformer. One of these is the output power, I, (operating voltage multiplied by maximum
current demand). The secondary winding must be capable of delivering power to the load
within specified regulation limits, Another relates to minimum efficiency of operation which
is dependent upon the maximum power loss which can be allowed in the transformer. Still
another defines the maximum permissible temperature rise for the transformer when used in a
specified temperature environment.

Other constraints relate to the volume occupied by the transformer, particularly in aerospace
applications, since weight minimization is an important goal in the design of space flight
electronics. Cost effectiveness is always an important consideration.

Apparent Power

Output power, P, is of greatest interest to the user. To the transformer designer, it is the
apparent power, Py, (associated with the geometry of the transformer) that is of greater
importance. Assume, for the sake of simplicity, the core of an isolation transformer has but two
windings, namely a primary and a secondary winding in the window area, W,. Also assume
that the window area, W,, is divided in proportion to the power handling capability of the
windings using equal current density. The primary winding handles, P;j;,, and the secondary
handles, P,, to the load. Since the power transformer has to be designed to accommodate both
the primary, P;,,, and P,, then.

P,=P,+ P, [watts] (1.14)

)

P, =ini [watts] (1.15)

h




P, = % + P, [watts] (1.16)

p,=p" E+ ) [watts] (1,17)

Transformers used with PWM

The hedrt of the power supply is really the high frequency converter. It is here that the input
voltage is transformed up or down to the correct output level. The output is then rectified and
filtered. The task of regulating the output voltage is left to the control circuit which closes the
loop from the output to the inverter. In general most pulse wid th modulators (PWM) operate at
a fixed frequency internally and utilize pulse width modulation techniques to implement the
desired regulation. Basically, the on-time of the square wave drive to the inverter is
controlled by the output voltage. As the load is removed or input voltage increases, a slight
rise in the output voltage will signal the control circuit to deliver narrower pulses to the
inverter, and conversely, as the load is increased or input voltage decreases, wider pulseswill
be fed to the inverter.

The transformer provides electrical isolation between line and load. The output of the
transformer is rectified and provides a variable pulse width square wave to a simple averaging
LC filter. The first order approximation of the output voltage is shown in the following
equation. Regulation is accomplished by simply varying the D (duty-ratio).

!
Vou =V, N, D [volts] (1.18)
kNP )
t
D =-o (1,19)

T
The designer must be concerned with the apparent power handling capability, I’, of the
transformer core and windings. Py may vary depending upon the type of circuit and the duty
ratio in which the transformer is used. If the current in the rectifier transformer becomes
interrupted, its effective rms value changes. Transformer size, thus, is not only determined by

the load demand but, also, by application because of the different copper losses incurred due to
current waveform. The rms current Irms is the peak current times the square root duty ratio.




Irms = ]pk JDn;: (1 -20)

| et’s review the three basic transformer configurations and compare the power handling
capabilities required for each winding for the (a) full-wave bridge circuit of Figure 1.2,
(b) full-wave center-tapped secondary circuit of Figure 1.3, and (c) push-pull center-tapped

full-wave circuit in Figure 1.4,

1 T1
1
ton o P s ton
P g ————
I * ' I
p s
g il
p IS
R1
~-— T —>| © - ]
CR1-CR4

Figure 1.2 Full-wave bridge circuit .

The total apparent power, I, for the circuit shown in Figure 1.2 is shown in the following
equation:

1
P,=P. =41 [waltts] (1.21)
[ 1
el 5
ton D —M—
o_.__.___._...__ [
i - g N ton  ton
] s
p o
1 NP ? ’ Is1 Is2 r
p I’\I !
< T—»| O—— % s CR2 R] 172
—
M -
I32

Figure 1.3 Full-wave, center tapped circuit.



The total power, Py, for the circuit shown in Figure 1.3 increased due to the interrupted current

flowing in the secondary winding. This is shown in the following equation:

\
P,:Pn(l #a/\2 [watts] (1.22)
n J
T1
Ip] ls1 .
t t -t —
on on ___[ o1 . CR1 ton t(‘m
1 P o I
_ ——ll [ I t sl I§2
|- 7 | ‘p s CR2 RIS [o
<« p T >
' =S
1p? I

Figure 1.4 Push-pull, full-wave, center-tapped circuit.

The total power, I, for the circuit shown in Figure 1.4, increases over the circuit shown in
Figure 1.2. This is due to using center tapped circuits where the current flowing in both the
primary and secondary windings is interrupted, This circuit is typical of a dc to dc converter
The apparent power is shown in the following equation:

P = PO(% +42 ) [watts] (1.23)

Inductor Considerations

The designer is faced with a set of constraints which must be observed in the design of any
inductor, One of these is copper loss; the winding must be capable of delivering current to the
load within specified regulation limits. Another relates to minimum efficiency of operation
which is dependent upon the maximum power loss that can be allowed in the inductor. Still
another defines the maximum permissible temperature rise for the inductor when used in a

specified temperature environment. The gapped inductor has three loss components: (a) copper
loss I,,, (b) core loss Pg, and (c) gap loss Pg. Maximum efficiency is reached in an inductor and




in a transformer when the copper loss I’ ,and the iron loss Pfe are equal, but only when the core

gap is zero. Gap loss does not occur in the air gap itself. This loss is caused by magnetic flux
fringing around the gap and recentering the core in a direction of high loss. As the air gap
increases, the fringing flux increases more and more, and some of the fringing flux strikes the
core perpendicular to the tape or lamination and sets up eddy currents which cause additional
loss. Fringing flux can also generate additional losses by inducing eddy currents in the copper
windings especially if foil is being used. When there is a gap in a magnetic core, transformer or
inductor, care must be taken with any metallic material in close proximity of the gap.
Designing with a moly - permalloy powder core, the gap loss is minimized because the powder
is insulated with a ceramic material which provides a uniformly distributed air gap. With
ferrites, the gap loss is minimized because ferrite materials have such high resistivity.
Other constraints relate to the volume and weight occupied by the inductor. Weight
minimization is an important goal in the design of space flight electronics. Also cost
effectiveness is always a vital consideration.

Inductor Related Factors

The design of a linear reactor depends upon four related factors:
1. Desired inductance
2. Direct current
3. Alternating current Al
4. Power 10ss and temperature rise

With these requirements established, the designer must determine the maximum values for Bq,
and for Il which will not produce magnetic saturation, then make tradeoffs which will yield
the highest inductance for a given volume. The chosen core material dictates the maximum flux
density which can be tolerated for a given design.

0.47 N? dr+-Al

Byiax - I 1 0°[tesla] (1 ,24)

=% 07 10 [henrys] (1.25)




Inductance is dependent on the effective length of the magnetic path which is the sum of the
air gap length 1g and the ratio of the core mean length to relative permeability 1, /p;. When
the core air gap lg is large compared with the ratio of the core mean length to relative
permeability, Im/Hr variations in Mr do not substantially effect the total effective magnetic

path length or the inductance, The inductance equation then reduces to:
L=-222"¢10"° [henrys] (1.26)

Final determination of the air gap size requires consideration of the effect of fringing flux
which is a function of gap dimension, the shape of the pole faces, and the shape, size and
location of the winding. Its net effect is to shorten the air gap. Fringing flux decreases the total
reluctance of the magnetic path and therefore increases the inductance by a factor F to a value
greater than that calculated from equation (1 .25). Fringing flux is a larger percentage of the
total for larger gaps. The fringing flux factor is:

! ;
F= [1 + ——S-ln-zg-] (1.27)

A"

Inductance L computed in the above equation does not include the effect of fringing flux. The
value of inductance L’ corrected for fringing flux is:

047 N°AL .
L, +—I-'i
H,

L' ®  [henrys] (1.28)

Distribution of fringing flux is also affected by core geometry, the proximity of coil turns to the
core, and whether there are turns on both legs.

The fringing flux is around the gap and re-enters the core in a direction of high loss as shown in
Figure 1.5. Accurate prediction of gap loss I’g created by fringing flux is very difficult at best to
calculate, This area around the gap is very sensitive to metal objects such as clamps, brackets
and banding materials. The sensitivity is dependent on the magnetomotive force, gap
dimensions and the operating frequency. If a metal bracket or banding material is used to secure
the core and it passes over the gap, two things could happen: (1) If the material is
ferromagnetic and placed over the gap or is in proximity so it conducts the magnetic flux, this is
called “shorting the gap”. Shorting the gap is the same as reducing the gap dimension and
producing a higher inductance than designed. (2) If the material is metallic (such as copper,

10



phosphor-bronze) but not ferromagnetic, it will not short the gap or change the inductance. In
both cases, if the fringing flux is strong enough, it will induce eddy currents that will cause
localized heating, This is the same as the principle called induction heating.

Core

+ 4+ o+
+ 4+
+ + +

N

LRLIERLILE!

;J
-

® o o
* PO

'y
®© Oe

Winding Fringing Flux

Figure 1.5 Fringing flux around the gap of an inductor
designed with a C core.

Effective permeability may be calculated from the following expression:

K, (]_ 29)

I
1+ -%
(1,,, ]""'

After establishing the required inductance and the dc bias current which will be encountered,

Ha=

dimensions can be determined. This requires consideration of the energy handling capability
which is controlled by the size of the inductor, The energy handling capability of a core is:

Energy =+- [watt - see] (2.30

Powder Core Considerations

The design of an inductor also frequently involves considerations of the effect of its magnetic
field on other devices near where it is placed. This is especially true in the design of high-

current inductors for converters and switching regulators used in spacecraft, which may also

employ sensitive magnetic field detectors.

1




For this type of design problem, it is frequently imperative that a toroidal core be used. The
magnetic flux in a molypermalloy toroid can be contained inside the core more readily than in a
lamination or C type core. A toroidal winding covers the core along the whole magnetic path
length. This condition is true as long as the winding covers the entire core.

The author has developed a simplified method of designing optimum dc carrying inductors
with molypermalloy powder cores. This method allows the correct core permeability to be
determined without relying on trial and error,

With these requirements established, the designer must determine the maximum values for Bd,
and for B, which will not produce magnetic saturation, then make tradeoffs which will yield
the highest inductance for a given volume. The core permeability chosen dictates the maximum
dc flux density which can be tolerated for a given design.

If an inductance is to be constant with increasing direct current, there must be a negligible drop

in inductance over the operating current range. The maximum H, then, is an indication of a
core’s capability in terms of ampere-turns and mean magnetic path length I,y

H= '47; NI [oersteds) (1.31)
where
NI=.8HI, [amp - turn] (1.32)

Inductance decreases with increasing flux density and magnetizing force for various materials of
different values of permeability pA. The selection of the correct permeability for a given
design is made after solving for the energy handling capability:

B,I
1, = ——2r—10° 1.33
o= 0w K (1-3)

It should be remembered that maximum flux density depends upon Bq. + AB in the manner
shown in Figure 1.6.

max

B,.« =B, -t-ézE [tesla] (1.34)
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Figure 1.6 Flux density versus Id.+ Al.

Molypermalloy powder cores operating with a dc bias of 0.3 tesla have only about 80% of their

original inductance. inductance will rapidly falloff at higher flux densities. The flux density

for the initial design for molypermalloy powder cores should be limited to 0.3 tesla maximum
fOr By. p]US AB/2.
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Window Utilization Factor Ku

The window utilization factor is the ratio of the copper area to total window area of the
transformer or inductor, Window utilization is influenced by 4 different factors: (1) wire
insulation, (2) wire lay (fill factor), (3) bobbin area (or, when using a toroid, the clearance hole
for passage of the shuttle), and (4) insulation required for multilayer windings or between
wind ings. In the design of high-current or low-cu rrent t ransformers, the ratio of conductor area
over total wire area can have a range from 0. 941 for a number 10 AWG to 0.673 for a number 40
AWG, depending on the wire size. The wire lay or fill factor can vary from 0.7 to 0.55,
depending on the winding technique, The winding technique can be defined on paper but will
vary from one winder to another. The amount and the type of insulation are dependent on the
voltage.

The fraction Ku of the available core window space which will be occupied by the winding
(copper) is calculated from area S1, S2, S3, and S4:

Ku = 5,5,5,S, (1.35)

When designing low-current transformers, it is advisable to reevaluate Sybecause of the

increased amount of insulation see Figure 1,7.

A

g, = Dutere) (1 36)
w(ins)
AWG #lo #20 #30 #40
@‘/’ A w(ins)
O O o

‘w(bare)
$1=0.941 S1= 0.855 S,=- 0.747 $1=0.673

Figure 1.7 Ratio of copper area versus wire area (not to scale),

S,is the fill factor for the usable window area. It can be shown that for circular cross-section

wire wound on a flat form the ratio of wire area to the area required for the turns can never be
greater than 0.91. In practice, the actual maximum value is dependent upon the tightness of
winding, variations in insulation thickness, and wire lay.
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Consequently, the fill factor is always less than the theoretical maximum. As a typical
working value for copper wire with a heavy synthetic film insulation, a ratio of 0.60 may be

safely used see Figure 1.8.

S, = fill factor = 0.6 “(1.37)

Bobbin

Layer wound Perfect lay

A=, (4 'ﬂ)+(ins) Lost area /A:rz(\/g“?E)
2

Figure 1.8 Winding configuration (fill factor).

S,defines how much of the available window space may actually be used for the winding. The
winding area available to the designer depends on the bobbin configuration. A single bobbin
design offers an effective area W, between 0.835 to 0.929 while a two bobbin configuration
offers an effective area W, between 0.687 to 0.872. A good value to use for both configurations is

0.75.

W .. =
n(bobbm): 0.994= 0.665 (1 38)

S, = .
T w 1495 ¢

a(core)

Core

NS N\ AN A
"\ NN AN "

\ \ \ ‘ \

Core window area / Bobbin window area

Figure 1.9 Available winding area in a PQ-43220.

Its is important to remember that when designing magnetic components using cut ferrites such as
RM, PQ, ETD, etc., it is wise to reevaluate the window utilization factor K,,. The bobbins are
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designed to take this shrinkage into account so one bobbin fits all. This will impact the
available window space and S3 will have to be re-evaluated downwards to about 0.6; see

Figure 1.9.

S4 defines how much of the usable window space is actually being used for insulation, If the
transformer has multiple secondaries having significant amounts of insulation, S4 should be

reduced by 2.5% for each additional secondary winding because of the added space occupied by
insulation, in addition to a poorer space factor,

A typical value for the copper fraction in the window area is about 0.40. For example, for AWG
20 wire, S,x S2 x S3 x S4 = 0.855x 0.60x 0.75x 1.0= 0.385, which is very close to 0.4.

Regulation and Copper Loss

Transformer size is usually determined either by temperature rise limitor by allowable voltage
regulation, assuming that size and weight are to be minimized. Regulation is denoted by a and
is expressed in percent. A circuit diagram of a simple transformer with one secondary is shown
Figure 1.10. This simple diagram will show how regulation and copper loss are interrelated.

This assumes that distributed capacitance in the secondary can be neglected because the
frequency and the secondary voltage are not excessively high. Also, the winding geometry is
designed to limit the leakage inductance to a level low enough to be neglected under most
operating conditions.

Transformer regulation can now reexpressed as

_ V(NL) -V (FL)

VoD 100 [%] (1.39)

in which Vg (NL) is the no load voltage and Vg (FL) is the full load voltage,

For the sake of simplicity, assume that the transformer in Figure 1.10 is an isolation
transformer with a 1:1 turns ratio, and the core impedance R, is infinite. Then,

1. =1 and R =R

p P s (1 '40)
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Ng/N, =1

Figure 1.10 Simple transformer equivalent circuit.

With equal window area W, allocated for the primary and secondary windings and using the

same current density J,

AV, =1,R,=AV = IR,

rPr
Regulation is then

AV
a=2"r10042Yc100 [%)
Vv v

P s

Multiplying the equation by the current 1,

AV I
a=| 220 oo+ AV hoo (%)
VI Vi

Primary copper 10ss is

P, = AV, 1, [watts]
Secondary copper loss is

P, =AV I, [watts]
Total copper loss is

p =p_* [watts]

cu pcy Q‘ll
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. Then the regulation equation can be rewritten to:

r o
a=-- 100 (%] (1 .47)
I)

S

Regulation can be expressed as the power loss in the copper, A transformer with an output power
of 100 watts and regulation of 2% will have 2 watt loss total in the copper,

w = e [watts] (1.48)
> _ (100)(2)
P o0 [watts] (1.49)
P, =2 [watts] (1.50)

Transformer Efficiency and Regulation

Transformer efficiency, regulation, and temperature rise are all interrelated, Not all of the
input power to the transformer is delivered to the load. The difference between the input
’ power and output power is converted into heat. This power 1oss can be broken down into two
components: core loss and copper loss. The core loss is a fixed loss, and the copper loss is a
variable loss related to the current demand of the load. Copper loss increases by the square of

the current and is termed quadratic loss. Maximum efficiency is achieved when the fixed loss is
equal to the quadratic loss at rated load. Transformer regulation is copper loss I’ divided by

the output power I'..

Transformers normally dissipate heat from the surface of the component, Transformers today
are designed for higher and higher frequencies. This reduces the size and mass of the magnetic
components and the filter components which are quite large themselves. Transformers designed
for low frequency are much larger and consequentially have more surface area to dissipate the
heat resulting in a lower watt density. This results in a lower temperature rise. Transformers
designed to have a regulation or copper loss of 10% at 60 Hz for a given temperature rise will
require a regulation of at least 1% at 50 kHz for the same temperature rise, This is because
transformers designed to handle the same power at a higher frequency will be smaller with
less surface area. Transformers large or small that have the same temperature rise will have
the same watt density.
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. Pulse Width Modulators (PWM) Integrated Circuits

Significant technology changes have been made possible since the introduction of the power
MOSFET and Pulse Width Modulator (PWM) control integrated circuits. Higher switching
frequencies have been made possible by the power MOSFET transistor. This is due to the
inherent switching speed of the power MOSFET which is in the order of 10 to 100 nanoseconds.
Implementing the switching power supply has become significantly easier with the
introduction of the I'WM integrated circuit. The pulse width modulators have brought about
ease of control, simplified drive and circuit stability, There are basically two types of pulse
width modulators used in switching power supplies: (a) voltage mode control and (b) current

mode control,

Voltage Mode Control

The conventional voltage mode control approach is shown in Figure 1.11,

Vi’n T1
0]
l CR1 L1
® —my Vo

- [ ] m R
+ 1

~= cl Np§|g. Ng CR3 |

Ql N, a: P

R2
o] —O

Ve

Va/
| 7| A
A2 N v,
v —
a
an Vm =
| 7] '
FIXED RAMP
GENERATOR CLOCK
‘ Figure 1,11 Implementing a voltage mode pulse width modulator (PWM).
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In the voltage mode, the small differential voltage between the voltage divider Vg and
reference voltage V. is being amplified by the high dc gain of the error amplifier Al, resulting
in an error voltage V.. This voltage is then compared to a clocked sawtooth with a constant
peak to peak magnitude V, The output of the comparator A2 stage is now a fixed frequency,

variable duty cycle square wave that controls the switching transistor Q1 according to the
variations in the magnitude of the error voltage V.. This regulator type, where a single control

loop system is incorporated and only the output voltage is being monitored and regulated, is
called a voltage-mode-controlled regulator.

Current Mode Control

The current mode control approach is shown in Figure 1.12,

<

o

—
-

Figure 1.12 implementing a current mode pulse width modulator (PWM).
The current mode control scheme consists of two loops; a (1) current loop which detects the

switching current I through R3 inside (2) the voltage loop regulating the output voltage, and a

voltage control loop as described earlier.
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The operation of the current mode controller is as follows. A clock signal running at a fixed
frequency sets the output of the latched circuitry to go high, turning on switching transistor Q1.

Once the voltage across the current sense resistor R3 reaches a threshold set by the error signal
V,, the output of the comparator A2 switches low. This resets the output of the latch to zero

and keeps it low until the next clock pulse.

Ideal Transistor Switching

< t —
- T Lot
Typica Transistor Switching

R

‘ - 1 I ~a— Transistor rise time t and fall time t,

Typical Transistor Switching With Dwell Time

U

cc ” <« Transistor [t+t,+ Dwell time ]

> | |4—[)well time (t)

]

11
. . CRI /As Viewed Here
+ ‘ i |
& .| e 3 W

Figure 1.13 Transistor switching time and dwell time.

\AL o
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Power converters can now achieve pulse-by-pulse current-limiting by using this method. This

method of current mode control is especially important whenever push-pull center tapped
topologies are used, where switching transistors might be subjected to any imbalance, that
would cause a net dc current in the transformer. This dc current could cause the transformer to
saturate and could result in over stress and premature failure of the switching transistors.

One of the niceties of these new pulse width modulators (PWM) chips is their numerous special
control features: (1) 5 volt reference capable of 10 to 20 ma for external circuitry, (2) shut down
and reset for turning the power converters on and off, (3) an under-voltage lockout or shut-down
until the input voltage is at a predetermined level to insure proper operation, (4) a
programmable soft-start to hold the inrush current to a minimum, (5) a programmable dwell
time t, for the switching transistors. [Which insures that there will be no overlap switching
of the power transistors thus minimizing stress and EM]]. Dwell time is similar to the

switching time (see Figure 1.13) as its subtracts from the average input voltage. As designs go
higher in frequency the switching time, rise time t, fall time t; and the dwell time tw have a

significant impact on the output voltage. Care should be taken on how much the dwell time
changes with temperature from device to device. If we assume the rise time t,and fall time tf

to be equal (t = tg), then the total dwell time tt,is:
b = t, + 1, + 1, [usec] (1.51)
The total equivalent dwell time, tt,, is given as follows:

v'+4f
2

+ ¢, [usec) (1 .52)
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Magnetics in Switching Circuits

Introduction

The usage of switched mode power supplies (SMPS) has experienced a significant growth. The
proper design of the magnetic components used in these power supplies takes on added
importance because of the design tradeoffs the engineer must make.

The engineer has a variety of converter circuits available to convert the dc input voltage to the
required dc output voltage. The type circuit he chooses will be the result of a trade-off study
associated with the application for the converter and the characteristics of the various converter
circuits. These characteristics influence the design sa to how easy or difficult it will be for a
particular application.

Push-Pull Converter

The push-pull switching converter is considered a transformer-isolated variation of the buck
converter, and probably the most widely used type of power conversion circuit (Figure 2.1). In
this design, the primary of the transformer can be connected in several ways: push-pull, half
bridge or full bridge depending upon how one drives the transformer. The push-pull converter
is, in fact, an arrangement of two forward converters on a single core. Push-pull converters
reduce output voltage ripple by doubling the ripple current frequency to the output filter. A
further advantage of push-pull operation is that magnetization is applied to the transformer core
in both directions. The push-pull converter transformer, when subjected to small amounts of dc
imbalance, can lead to core saturation. The voltage and current wave forms are shown in Figure
2.2.

The Transformer apparent power is:

Secondary Py with a center tap is

P.= (Vo + V)42 [watts] .1)
Secondary Py without a center tap is:

P, = (Vo+ V,)I, [watts] (2.2)
Total secondary Pts is:

P =#1P o H2P o +#nP ... (2.3)
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Primary Ptp is:

_Ptsﬁ

P = [watts]
n

tp

Total Transformer VA or Apparent Power Iy is:

P = Ptp + P, [watts]
The following is the d.c. transfer function for the push-pull converter,

v N_.2t I

‘off tof L ‘off ‘of
- T T

Figure 2,2 Push-pull ideal voltage and current waveforms.
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Half Bridge Converter

The half bridge is also a push-pull version of the buck converter (Figure 2.3). It has two
transistors Q] and Q2 that operate alternately. The input voltage is divided between two

capacitors Cl and C2. The common connection point of these two capacitors has an average
voltage of Vj,/2. The big advantage of the half bridge over push-pull centertap configuration is

that transistors Q1and Q2 see only the peak voltage of Vi, rather than 2Vjj, as in the case of the
standard push-pull configuration. However, because the transformer has only Vi /2 applied to
the primary for the same power, the average input current is doubled. The half bridge has the
same problem as the push-pull converter transformer when subjected to small amounts of dc
imbalance which can lead to core saturation. The big problem in this type of circuit is shoot-
through. Shoot-through occurs when both transistors turn on at the same time, creating a short
across the main bus; this would be a disaster and destroy both transistors. This situation can
happen at turn on, line or load transient, or instability within the closed loop system. The

voltage and current waveforms are shown in Figure 2.4.

The Transformer apparent power is:

Secondary Pts with a center tap is

P, = (V. + V) N2 [watts] @.7)

Secondary Pts without a center tap is:

P.= (V,+- V,)I, [watts] (2.8)
Total secondary Pys is
P =#H1P o HH2P o +#nP ... .. (2.9)
Primary Pip is:
D I)k
P, = —n‘ [watts] (2.10)

Total Transformer Apparent Power I’,is:

P, =P, + P, [watts] (2.11)

tp
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The following is the d.c. transfer function for the half bridge converter.

w_V, 1N,
I, Vv, 2 Np
Iin
-to
- . c 2
Q1 A=
-
|
P )
V'm Np
+Vm/2 —_—
O—v-{:l‘Qz ;;
o C3
C2=C3

dlcls

a el

o [
LOn l | ton |
toff ‘off
-« T — =]

—t

Vin

Q =V

vV_—
2
0

111
¥
N PA pr— A—i : 10
A Al
CR2
~
fm CR1
Lcm ton
‘off tof

Figure 2.4 Half bridge ideal voltage and current waveforms.
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Full or H Bridge Converter

The full bridge is also a push-pull version of the buck converter; it has four transistors that
operate alternately (either Q1 and Q4 or Q2 and Q3) as shown in Figure 2.5. The full bridge has
the same big advantage as the half bridge over the push-pull centertap configuration in that the
switching transistors see only Vi, rather than 2V;,. The full bridge has the same problem as the
push-pull converter, in that small amounts of dc imbalance can lead to transformer core
saturation. Again, the big problem in this type of circuit is shoot-through. Shoot-through
occurs when both transistors turn on at the same time, creating a short across the main bus; this
would be a disaster and destroy both transistors. This situation can happen at turn-on, line or
load transient, or instability within the closed loop system. Normally the full bridge is used at
higher power levels than the half bridge. The voltage and current waveforms are shown in
Figure 2,6. The idealized B-H loop for the push-pull converter is shown in Figure 2,7. The more
realistic B-H loop of a push -pull converter design is shown in Figure 2.8. This design. with is a
magnetic material having a square B-H loop, will always operate at either end of the B-H curve.
This can be aggravated by either an unbalance drive or an unbalance load.

The Transformer Apparent Power Ptis:

Secondary T'ts with a center tap is:

P,= (Vo+ V), N2 [watts] (2.13)

Secondary Pts without a center tap is:

P, = (Vo + V)1, [watts] (2.14)
Total secondary Pts is:

pts =#1 Pts()l +Hi2 PtsOZ +Hin pls -------- ( 2.15 )
Primary Ptp is:

P, =+ [watts] (2.16)

Total Transformer Apparent Power P is:

P, =P, + P, [watts] (2.17)

tp
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‘ The following is the d.c. transfer function for the full bridge converter.

Aw N 26,
s (2.18)

in
+ O—

Q1

‘ Figure 2.5 Full or H bridge switching converter.
]p ]L
Y
W IO
Qul [ [ A A
0 Q4 Q3 Q4 . 0
y — t
Yee ]
— in S
Q1, Q2, Q1, V.
Q4 Q3 Q4 in
0 —l 2T e l\ CR1
¥On I | %n I ton I I ton I
‘off ‘off toft toff
.~ T —1 .
‘ Figure 2.6 Full or H bridge ideal voltage and current waveforms.
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B (tesla)

I —t— H (oersted)

Figure 2.7 ldealized push-pull B-H loop.

B (tesla)

L b—f—op H (oersted)

Figure 2.8 Push-pull with a square B-H loop.
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. Single Ended Forward Converter

The forward converter shown in Figure 2.9 is a transformer-isolated version of the buck
converter. The forward converter is almost as simple in structure as the single transistor flyback
converter. The voltage and current waveforms are shown in Figure 2.10. The ripple and output
power capability are comparable to those of the push-pull converter, In the push-pull converter,
resetting of the core occurs every alternate half cycle and is done automatically from the drive, In
the single forward converter, resetting the core is not performed by the drive. Resetting the core
is accomplished by a demagnetization or demag winding and diode.

1. CR3
mn
t o Nm:Np
' 1 Im
| IE crov, 11
‘ a ? 1 o —»
M m o+
61 . .
V.
m A< Npgl EEN CRZA c2, .
Nm 7|s >
® @ 1, Id 3
E T t
- O & o-

Figure 2.9 Single ended forward switching converter.

Yee Vi

NNy
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[ ﬂ t
L&m ltoff‘ Loj l'offltw

‘ Figure 2.10 Single ended forward ideal voltage and current waveforms.
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‘I’his demag winding is wound bifilar with the primary in order to get the tightest coupling,
When the switching transistor Q] is turned on, the magnetizing current I, will buildup until Q1

is turned off. When Q1 is turned off, the magnetic field created by the magnetizing current, Imr
will collapse and the polarity of the winding will reverse, causing the diode CR3 to conduct and
to clamp the demag winding to Vi . This demag winding is of opposite polarity to the primary
winding and when CR3 conducts, will apply a reverse volt-seconds equal to (and cancel) the
volt-seconds applied during the on time. With the demag winding clamped to the input voltage
via CR3, this puts a reverse voltage of 2Vi on Q1 during the off time. The single forward
converter normally does not have the push-pull converter’s problem of dc unbalance in the
transformer core. As long as the demag winding is tightly coupled to primary. The idealized
forward converter B-H loop is shown in Figure 2.11.

B (tesla)

H (oersted)

Figure 2.11 Idealized forward converter transformer B-H loop.

The following is the d.c. transfer function for the single ended forward converter,

Vv

o)

V.

m

N o (2.19)
N, T

mn
mn

1y
]0
Two Transistor Forward Converter

The two transistor forward converter is shown in Figure 2.12. The operation of the two-transistor
forward converter is the same as the single transistor. There are two significant advantages over

the single transistor, and that is in the off state. When the transistors Q1and Q2 are switched on,
the magnetizing current 1,,, will build up until Q1and Q2 are turned off. When Q1 and Q2 are




. turned off, the magnetic field created by the magnetizing current 1, will collapse, and the
polarity of the winding will reverse; this causes diodes CR1and CR2 to conduct, clamping the
primary winding to Vi . The switching transistors Q1 and Q2 are subjected to only the input
voltage V, rather than 2V, as in the single transistor configuration. The voltage and current
waveforms are shown in Figure 2.13.

The other advantage is that no leakage inductance energy is dissipated in snubber networks.
Instead, energy stored in the leakage inductance during the on time is fed back during the off
time into input storage capacitor Cl via CR1and CR2.

]in —

Cl ‘m
Vm T~
T
CR2,

Figure 2.12 Two transistor forward switching converter.
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. Figure 2.13 Two transistor forward ideal voltage and current waveforms.




’ The following is the d.c. transfer function for the two-transistor forward converter.

—= (2.20)
The Weinberg Converter
The Weinberg converter is a push-pull converter with an inductor in series with the input power

source as shown in Figure 2.14, This series inductor gives this push-pull converter a new name

called current fed inverter. The ideal voltage and current waveforms are shown in Figure 2.15.
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Figure 2,14 Current-fed Weinberg switching converter,
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‘ Figure 2.15 Weinberg ideal voltage and current waveforms.

34




The fundamental design requirement for this series inductor is that the reflected load current
should never go to zero, so Io(min) = lpk/2 as shown in Figure 2.16. This series inductor has a
special secondary winding. The secondary winding is used when the switching transistors Q1
and Q2 could be off at the same time. If the transistors are never off at the same time and there is
some overlapping, then the secondary winding is not required. When the switching transistors
are used in a pulse width modulator (PWM) mode, both transistors could be off at the same time.
If both transistors could be off at the same time, then the series inductor requires a secondary
wind ing to provide a path for transferring this stored energy. This isolated secondary winding
gives the design engineer the capability to either take the stored energy and return it back into the
source or to dump it into the secondary load. Whichever way the engineer chooses will result in
another trade off. If the engineer elects to take the stored energy and return it to the source, then
the input current ripple is minimized. If the engineer elects to take the stored energy and dump it
to the load, then the output voltage ripple is minimized. The secondary winding must be tightly
coupled to the primary to reduce voltage spikes. The major advantage of the current-fed
converter is the single input inductor and having no output inductor. This makes it a good choice
for a power converter with multiple outputs.

1 l4 I.
— — ___v‘.__lpk
I AR N |

AR (¢]

¥ ton | toff [ = ton | tofr

- T/2 (A) 4— T/2 —> (B)

Figure 2.16 Minimum load continuous current A; discontinuous current B.

The following is the d.c. transfer function for the Weinberg converter.

1. §
o o tw  Ne 2o (2.21)

Mag-Amps For Switching Converters

in recent years, mag-amps have found their way back to power conversion after being dormant
for a long time, Mag-amps are being used more and more as the output voltage control elements
in high frequency dc to dc converters. The control circuitry for these new mag-amps is very
simple and cost effective. Integrated circuit manufacturers are offering specially-designed IC
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mag-amp controller chips (such as the UC-1838 by Unit rode) with voltage and current control.
Engineers have also adapted other 1C's for mag-amp control (such as the TL.431, an adjustable
precision shunt regulator by Texas Instruments and other manufactures).

This new mag-amp or controllable volt-second device being used today in power converters is a
very simple two-terminal magnetic component. The mag-amp is a copper coil wound on a core
which has a relatively square B-H loop characteristic. There are basically two parameters the
mag-amp must be design to meet: (1) it must have the proper turns to support at least a portion

of the applied voltage for control, or all of the applied voltage for a wide range or short circuit
control; and (2) it must have the proper number of turns to keep the magnetizing current, Imv at

reasonable level- Magnetizing current, 1,,, must be supplied by the load or bleeder at very light
loads or the circuit will become unstable. The magnetizing current | for the mag-amps sets the
control current 1.

The mag-amp has two operating modes-unsaturated and saturated. The first is when the core is
unsaturated and supports the full volt-seconds with only the magnetizing current 1,,, flowing
shown in Figure 2.17 A. The second, when the core is fully saturated and the impedance of the
mag-amp drops to near zero, full current flows to the load with a negligible voltage drop to the
saturated inductance shown in Figure 2.17 B. Thus a mag-amp comes the closest yet to a true

switch.

B (tesla) L B (tesla)
- AB T =
AB
H| Si--t--t E—
H (oersted) E (oersted)
Bac = AB/2 Bac = AB/2
A B

Figure 2.17 Mag-Amp B-H loop in the unsaturated and saturated condition



Single Ended Forward Mag-Amp Converter

The single ended forward converter is a good candidate for the mag-amp post regulators since
both circuits require the minimum of parts shown in Figure 2.18. The mag-amp is well-suited for
converters that have multiple outputs, where high performance such as efficiency, reliability and
size are required of more than one of the outputs. Mag-amps can also work well in low or high
power converters having a single output with high efficiency. The engineer should remember
the mag-amp must be designed to operate with a transformer voltage that is over twice the dc
output voltage. Voltage and current waveforms are shown in Figure 2.19.
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Figure 2.18 Single forward Mag-Amp switching converter.
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Figure 2.19 Single ended forward Mag-Amp ideal voltage and current waveforms.
(ts = time to saturate MA1)
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The following is the d.c. transfer function for the single ended forward mag-amp converter

_...‘Lz_i"_s__i._o_"_% (2,22)

Push-Pull Mag-Amp Converter

The push-pull mag-amp will function on all of the basic push-pull configurations with the same
performance as in the single ended forward converter shown in Figure 2,20. In the mag-amp

push-pull configuration, the r-nag-amps will see only half of the average dc output current.

MA1
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P '.§ fCRB sl
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Figure 2,20 Push-pull Mag-Amp switching converter.
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Figure 2.21 Push-pull Mag-Amp ideal voltage and current waveforms.
(ts = time to saturate MAI or MA2)




The following is the d.c. transfer function for the push-pull mag-amp converter,

(2.23)

Small amounts of dc imbalance in push-pull converter transformers can lead to core saturation
hence, care must be taken in regard to the mag-amp cores. These mag-amp cores should be
matched as closely as possible in order to get good volt-second capability for proper control. Any
imbalance in the mag-amps should be minimized as this is reflected to the primary as a dc offset.
The magnetics industry normally offers two types of core matching methods, Sine Current E-I
Loop and the Constant Current Flux Reset. The Constant Current Flux Reset test method has
been chosen as a standard by the IEEE for magnetic amplifier circuits. Voltage and current
waveforms are shown” in Figure 2.21.



Energy Storage Magnetics in Switching Circuits

I ntroduction

There are three basic switching converter configurations from which the majority of present-day
design are derived:

1. Step down, or buck, converter.
2. Step up, or boost, converter.
3. Inverting, or buck boost, converter.

The principle behind flyback converters is based on the storage of energy in the inductor during
the charging on period ton, and the discharge of the energy to the load during the off period t.

Energy Transfer

Two distinct modes of operation are possible for the switching converters shown in Figure 2.22:
Discontinuous mode- all energy stored in their energy storage inductance is transferred to output
capacitor and load circuit before another switching period accurs. This topology results in a
smaller size but requires a quality capacitor.

Continuous mode- energy stored in their energy storage inductance is not completely transferred
to the output capacitor and load circuit before another switching period accurs.

Continuous Discontinuous
iC Al ic - ](
. S—— P
ka ‘ f
4____ A S
/] ? Al
0 0| v
{ t t
Yee Vee
0 ( 0 ¢
la Iq
I T \\ |\
0 ] | | t 0
ton | toff ton Off | w
ja— T —> ft¢— T -—»

Figure 2.22 Cent inuous and discontinuous voltage and current waveforms.
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In the discontinuous mode, a smaller inductance is required; this results in higher peak current in
the transistor Q1. As a consequence, winding losses are increased because of the rms values of a
trapezoidal and a sawtooth wave form. This also results in higher ripple current in the input
capacitor and a higher peak current to the switching device. The advantage of this circuit, other
than having a smaller inductor, is that when the switching device is turned on, the initial current
is zero. This means the output diode CR1has completely recovered, and the switching device
does not momentarily turn on into a short, This reduces the EMI interference.

In the continuous mode, a larger inductor is required; this results in a lower peak current at the
end of the cycle than in a discontinuous system of equivalent output power. The continuous
mode demands a high current flowing through the switch during turn-on and can lead to higher
switch dissipation. The relationship between the I1-H loops for continuous and discontinuous

operation is shown in Figure 2.23.

B (tesla) B (tesla)
4 -4
AB
B Y
r
1 — H
/ < | 4
- Al
4 B,.=AB/2
T A T B

Figure 2.23 Continuous (A) and Discontinuous (B), B-H loops showing AB and Al.

The Continuous and Discontinuous Boundary

When the load current increases, the control circuit causes transistor Q1to increase ton (on time).

The peak current in the inductor will then increase, resulting in a steady reduction in the dwell
time t,. When the load current increases to a critical level, t,, becomes zero, and the

discontinuous boundary is reached. If the load current is further increased, the inductor current

will no longer discharge to zero every cycle, and continuous current operation results.
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The Buck Flyback Regulator

The first switching converter is the buck, shown in Figure 2.24. The output voltage of this
converter is always less than its input voltage. In the buck circuit, the transistor switch Q1is
placed in series with the dc input voltage. The transistor switch Q1 interrupts the dc input
voltage, providing a variable-width pulse (duty ratio) to a simple averaging LC filter. When the
transistor switch Q] is closed, the dc input voltage is applied across the output filter inductor L2,
and current flows through the inductor to the load. When the switch Q1 is open, the energy
stored in the field of the inductor L2 maintains the current through the load. The voltage and

current waveforms are shown in Figure 2,25 for both modes of energy storage.
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Figure 2.24 Buck flyback switching converter with an input LC filter.
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Figure 2,25 Buck ideal voltage and current waveforms.
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In the buck circuit, the peak switching current is proportional to the load current .. The output

voltage is equal to the input voltage times the duty ratio.

V,=V,(Duty Ratio) [volts] (2.24)

0

The Boost Flyback Regulator
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Figure 2.26 Boost flyback switching converter with an input LC filter.

Boost Voltage and Current Waveforms
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Figure 2.27 Boost ideal voltage and current waveforms.



The second switching regulator is the boost, shown in Figure 2.26. In this circuit, the output
voltage is always greater than the input voltage. The boost circuit first stores energy in inductor
1..2 and then delivers this stored energy along with the energy from the dc source to the load.
When the transistor switch Q1 is closed, current flows through inductor L2 and the transistor
switch Q1, charging inductor L2 but delivering no current to the load. When the switch is open,
the voltage across the load equals the dc input voltage plus the charge stored in inductor L2.
Inductor L2 discharges, delivering current to the load, The voltage and current waveforms are
shown in Figure 2.27 for both modes of energy storage..

The peak switching current in the boost circuit is not related to the load current. The power
output of the boost regulator can be determined by the following equation:

2
po = _I(II;) f [watts] (2.25)

The output voltage is
vV,=V, ! - [volts] (2.26)
1- (Duty Ratio)

The Buck Boost Inverting Regulator

The third switching regulator is the inverting type, a variation of the boost circuit shown in
Figure 2.28. The inverting regulator delivers only the energy stored by the inductor L2 to the
load. This circuit can step the input voltage up or down. When the transistor switch Q1 is closed,
the inductor is charged, but no current is delivered to the load because diode CR2 is back-biased.
When the transistor switch Q1is open, the blocking diode is forward-biased and the energy
stored in inductor L2 is transferred to the load. The voltage and current waveforms are shown in
Figure 2.29,

The inverting circuit delivers a fixed amount of power to the load regardless of the load

impedance, If the load is known, the output voltage maybe calculated using the following
equation:

V¥ =\PR, = 1\/5%ﬁ [volts] (2.26)
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The inductor current is proportional to the transistor switch Q1 ton or duty ratio. The regulation
is achieved in all three types by varying the duty ratio.

EMI Filter
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Figure 2.28 Buck-boost inverting switching converter with an input LC filter.
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Figure 2,29 Inverted buck-boost ideal voltage and current waveforms.
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. Isolated Buck-Boost Flyback Regulator

The isolated buck-boost flyback regulator looks very much like a single-ended forward converter
shown in Figure 2.3-, The similarity is the forward converter uses a multi-winding transformer,

while the isolated buck- boost uses a multi-winding inductor.

EMI Filter
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Figure 2.30 Buck-boost flyback switching converter with an input LC filter.
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P P
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Figure 2.31 Isolated buck-boost ideal voltage and current waveforms.

The difference is that a transformer transfers power and inductors store energy. If one were to
. replace the winding on the inverted buck-boost converter with two identical windings using one
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for the primary and the other for the secondary, then an isolated buck-boost converter would

result. This circuit can provide line isolation and also have the capability of multiple outputs
which require only a diode and a capacitor; the filter inductor is built in. The isolated buck-boost
circuit is quite popular in low power applications because of simplicity and low cost. This circuit
does not blend itself to the VDE specification because of the required voltage insulation between
primary and secondary. This voltage insulation requirement will result in large leakage
inductance on the primary. Care must be taken because this leakage inductance could generate
high voltage spikes on the primary. The voltage and current waveform are shown in Figure 2.31

for both modes of energy storage..

Coupled Output Filter Inductor

in power converters with more than one output, it is normal to close the loop around the high
power output and slave the other outputs. Separate filter inductors are normally used in each
output, The performance of these independent filters, in regard to load and dynamic cross
regulation, is very poor at best. The coupled output filter inductors are used on power converters
with multiple outputs in place of using separate filter inductors shown in Figure 2,321, When the
coupled inductor is designed correctly, it will improve the load regulation, dynamic cross
regulation and the overall performance of the multiple output converter. The voltage and current

waveforms are shown in Figure 2.33.
Critical Design Areas (Use caution when designing)

1. The turns ratio of the coupled inductor windings must be identical to the transformer turns

ratio for each output. If the turns ratio is not controlled, then large ripple currents will circulate

among the various outputs. The requirement of having the turns ratio of the coupled inductor

and the power transformer be equal could lead to output voltage tradeoffs.
N N,

227
NL] "N, ( )

2. The coupling (leakage inductance) between the winding of the inductor should be used to

balance the ac ripple current in each winding.
3. Winding. fabrication and test specification should be documented in sufficient detail as to the

layout, winding configuration and insulation in order to get good repeatability in transformer
and inductor fabrication.
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Figure 2.32 Three output coupled inductor.
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Input Filter Inductor

The input filter inductor shown in Figure 2.34 is designed to reduce the ripple current at the
source. There are many magnetic materials that can be used in designing the input filter
inductor. The specification could dictate the material to be used, including size. If size is the
main goal, then the magnetic material with the highest flux density would be the choice.
Designing inductors to carry a dc current will require a magnetic material with an airgap.

1.1
]in — — V] Iout -
o YT\ o)
C1
Vin -~ A=
CR1
o ‘o)

Figure 2.34 Simple input LC filter.

ton toff
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Figure 2,35 Input filter ideal voltage and current waveforms.

49



There are two ways to obtain an airgap in a magnetic material: (1) inserting a gapping material
such as fish paper or mylar in series with the magnetic path length, (2) using a powder core that
has a distributed air gap throughout the core structure, or (3) ordering a ferrite core with a
specified gap ground in the center leg. The input filter inductor should be designed with a high
self-resonant frequency. This is acheived by picking a core with minimum window or winding
area. A minimum winding area would require minimum turns, resulting in minimum
capacitance and a high self-resonant frequency. Normally, the ac flux is so low in input filter
inductors that core loss is not a major concern, The voltage and current waveforms are shown in
Figure 2.35.

Output Filter Inductor

The output filter inductor L1shown in Figure 2.36 it is about the most common and most
frequently designed of all magnetic components used de-de converters. The voltage and current
waveforms are shown in Figure 2.37. This type of output inductor is common to the push-pull
and forward converter. It is most commonly referred to as the buck configuration or buck
converter. The output filter inductor typically is used to maintain a continuous current at
minimum load. The filter inductor accomplishes this by storing energy during the ton portion of
the period, which it then discharges during the corresponding tyff portion of the same period. In
addition, this inductor aids in smoothing the output ripple voltage.

When Q1 is turned on, voltage is transferred to the load via the transformer secondary windings.

Output diode CR1is forward biased and current flows to the output load while the current
builds up linearly in L] during the ton portion of the period. When Q1 is turned off the induced
voltage at the transformer falls to zero. In the output inductor L1the field that was building up
when Q1 was on collapses, reverses polarity and now becomes the current source. This energy
that has been stored in L1 now discharges via CR1. This is the same diode that was supplying
current when the transformer was energized, With CR1 conducting current via L.1and
transformer T1in the off state, the amp-turns caused by CR1in Ti must be satisfied and CR2 will
conduct, This condition will continue until the current in L.t decreases to its original value as a
result of energy depletion, and the cycle of operation repeats.




There are several design constraints to justify the output inductance of a continuous current

output inductor.

1 Critical inductance for small size,

2. Delta current Al for core loss and temperature rise.
3. The LC step load filter response.

4, The closed loop stability.

The minimum or critical inductance L is calculated using 2lo(min)- This is done to insure that the

current never goes to zero. When calculating the size or energy then use lo(pk) Which is

cl

1sl
s i L1
| V] —_— 10 —P

R1

lo(max)+lo(min)-
VOT(l B I‘)min)
e = ———————210(“") [henry]
where
—_ Vn
T min Vo + V’
12
ENG = ;‘"*) [w -s]
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Figure 2.36 Typical buck output inductor circuit.
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’ Output Inductor Voltage and Current Waveforms
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Figure 2.37 Typical buck output inductor ideal voltage and current waveforms.
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Design Examples

Introduction

The examples in this chapter are for the ease and understanding the design procedure for high
frequency magnetic components for both transformers and inductors, The author did not try to
optimize the magnetic material to the circuit or the circuit to the input or output voltages. The
author is trying to show the engineer what is involved and what is required in a step-by-step
design procedure. The examples will pick the correct wire size and the appropriate core to meet
the design specification. The design examples will also calculate winding resistance, total copper
loss, core loss and the combined temperature rise of the magnetic component in degrees °C. The
designs shown here were taken from Chapter 2 on switching magnetics. This chapter on
switching magnetics discusses the majority of the power switching topologies in their simplest
form.

The examples in this chapter go a step further than in the previous chapter by designing using
multiple outputs and different rectifier circuit configurations. This is done to illustrate the
calculation of apparent power 't for different transformer configurations.

The derivation for the area product A, core geometry Kg, and window utilization Ku is set forth
in detail in the author’s book, reference [1].
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Engineering Design Notes

Note No. 1
Transformers and inductors with discontinuous or large ac currents operating at high frequency
should use multiple strands of wire. The design examples will size the wire to minimize the skin

effect. and will use the following criteria.

The skin depth y will be the radius of the wire,

6

Y= \/] Fclm]

y= 6.61 _ [em)
V50x10°

y= 0.0296 [cm]

The wire area;
wire, = n(y)’ [em?]
wire, = (3.14)(0.0296)*[cm?]
wire, = 0.00275 [cm?]
Choose a wire size with the closest area from the Wire Table 9.1.
AWG=#23
A= 0.00259 [cm?]
U [ cm= 666
A, = 0.00314 [cm’] with insulation

Note No. 2

If the required turns end with a fraction on the high side (and or) the wire area is on the high side
then reduce the number of strands appropriately, or take the rounded high number and divide that
number into the required wire area, then consult the wire table for the appropriate size,

Note No. 3

If the design wire area requirement is much smaller than the wire area selected by the minimum
skin effect (),()()259 cm?, then use the appropriate wire from the wire table.

OR

If the design wire area requirement is a little larger than the wire area selected by the minimum
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. Engineering Design Notes

skin effect 0.00259 cm’, divide that number by two, then consult the wire table for the appropriate

size. If the ac flux in an inductor is small, just select a wire from the wire table.

Note No. 4

Using the core geometry Kg designed value will provide the required regulation or copper loss
called out in the requirements. To use a core geometry Kg different from the designed core

geometry value will result in a higher or lower copper loss. This copper loss will either increase
or decrease depending on the ratio of the designed core geometry Kg to the actual core geometry

Kg. If the core selected has a larger core geometry Kg, then the copper loss will be less; if the core
selected has a smaller core geometry Ky, then the copper loss will be more,

Note No. 5
Three things control the operating flux density Il (1) magnetic material, (2) temperature rise,
and (3) circuit constraints.
Note No. 6
. The ac flux in a normal EMI or input filter inductor is usually very low. For this reason, the ac
core loss is not a major thermal consideration when designing this type of inductor.
Note No. 7
Winding a magnetic component with a large wire may become very cumbersome. It maybe wise to
wind with equivalent smaller wires. For example, instead winding with a number #14, go up three

wire sizes and use two number #17, or 6 wire sizes, and use 4 #20, They will give the same electrical
characteristic.

Note No. 8

At this point, it is a good time to check the permeability versus the magnetizing force in oersteds
to make sure the core is not being driven over the knee into saturation. If the reduction in
permeability is greater than 20%, it would be wise to change the core material.

Note No, 9

This equation will yield the required core permeability. If the calculated permeability is not close
‘ to the core you are planning to use, then return to the table to select a core closer to the
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Engineering Design Notes

calculated permeability.

Note No. 10

It is wise to minimize the gap in order to reduce the fringing flux, The gap and the flux are inversely
related. Reducing the gap will increase the flux.

- 047(N)1,)X104  mpL o]
o B ) He)

Note No. 11

The use of multiple strands in continuous current inductors is dependent on the amount of ac
current Al and the ease of winding.
Please see engineering design note No.1 and 7.

Note No. 12
The use of multiple strands in discontinuous current inductors is just like a transformer; the

current Al always starts at zero.
Please see engineering design note No. 1 and 7.

Note No. 13

In the boost converter configuration, the boost converter is in series with the source and only

supplies a portion of the power to the load. It is difficult to meet the regulation requirement.

Note No. 14

The core geometry Kg presented in this book has been calculated with a window utilization
factor Ku of 0.4. When designing with small wire, or using a small core whose bobbin winding

area is small compared to the window area, the window utilization factor could be reduced to
0.32. To compensate for this lossin regulation, modify the core geometry.

2 Ki.
K. - MJ“ multiply by ulold). =0'4— =1.25
g MLT IL{(W,)\ 0,32
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Engineering Design Notes

Note No. 15

The reason for using such a low window utilization is to be able to wind the gate winding with a
single pass. This will minimize the capacitance of the gate winding and improve circuit

performance.

Note No. 16

This equation will give a more accurate value for therms gate current lg(rms).

-

2 (A 1)2 tan max
]rmc(max) = J[(ka) - (]pk )(A ]) + T ]—{;—.—l [anlpS]

Note No. 17

Changing the turns up or down on the reference winding provides a way to minimize the
fractional turn error on the other windings.

Note No. 18

Powder cores are only available in limited value of permeability. Always select a core that is

close to the designed permeability,

Note No. 19

When designing with bobbin ferrites or other small bobbin cores, the core geometry Kg is to be
multiplied by 1.25. Then calculate the current density J using a window utilization factor of 0.32.

This will produce the correct copper loss.
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Engineering Design Notes

Note No. 20
The waveform in Figure 3.0Ais a typical square wave ac current showing Ipk and dwell time.
The maximum rms current Irms for a single-winding primary or a single-winding secondary is:

onl(max) , i

D t
max — T rms

0 1t
ton2
tW —| g —
T/2
“ _—-—T‘—-D-

Figure 3.0A Typical ac current waveform showing peak current Ipk and dwell time tw-

Note No. 21
The waveform in Figure 3.0Bis atypical square wave dc current showing Ipk and dwell time.
The maximum rms current |_s for a center-tapped primary or center-tapped secondary is:

t mioax) | y 1y 1~y
Dmax = (_%ma")_), Irms = ka Dmax 4 0< Dmax <

N[ =

t(m‘ /f‘Dk

t — et —

AR VZ:
et
lt—

Figure 3.0B Typical dc current waveform showing peak current Ipk and dwell time tw
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Engineering Design Notes

Note No. 22

The waveform in Figure 3.0C is a typical secondary showing peak voltage Vspk and dwell time
tw. The maximum average rectified secondary voltage V. is:

t
Dmaxz(—“ﬂ'-“i‘lj, vV, =V_2D 05 D, <

T spk max ! max

N

o P
0 L |‘

t

ty |- (|52
T/2
[t — o

- —— T

Figure 3.0C Typical ac secondary waveform showing peak voltage Vspk and dwell time ty-

Note No. 23

The waveform in Figure 3.0D is a typical square wave ac current showing lpk and average
rectified current lave- The maximum rms current is:

D= on1(max) - Lﬁw)g< D < }‘
ax T /R rms \/i?)max max 2

L

‘ont / pk lave

G a

on2
i

tw—><—

/2

el —— -

) e ']-—l—
Figure 3.0D Typical a ¢ current waveform showing peak current Ipk and the average rectified

current.



Engineering Design Notes

Note No. 24

When designing low current low power drive transformers it is some times impractical to use the
wire size called out by the design equations. At times, it is best to use a wire based on strength

and handling capability rather than current density requirements.

Note No. 25

When designing input filters, the worst case ripple peaks when the duty ratio D =(.5.

Note No. 26

This design philosophy was taken from reference?.

Note No. 27

The input inductor to the Weinberg converter has two windings associated with it. When the
core geometry is calculated, multiply the core geometry Kg by 2 to increase window area
accordingly. Then use a window utilization Ku of 0.2 when calculating the current density J.

Note No. 28

Using a powder core with a lower permeability than the optimu m permeability will result in a
much larger window utilization Ku and, more than likely, a smaller wire will have to be used to

achieve a workable window utilization situation. This will produce a design with more copper
loss. As a result the design will be smaller but it will also have poorer regulation.
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Engineering Design Notes

Note No. 29

This is a typical dc to dc converter operating just prior to 1'WM control. The circuit components
are ideal-there are no losses. Under these conditions, the primary peak current Ipk is equal to the

input current li,. The peak secondary current Is k is equal to the output current ..

on
Is1
T/2 T/2

Figure 3.0E Typica push-pull dc to dc converter (50% conduction, each side).

Note No. 30

Designing inductors with a gap using ferrites cores are design the same way as inductors
designed using laminations or C cores. The one disadvantage is the none uniformity of the iron
area through out the magnetic path length of most cut ferrite configurations. This none
uniformity of the iron area creates an error when calculating the inductance that could be as
much as 2(I %. This error is introduced when calculating the fringing flux and then the required

gap.
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Push-Pull Converter Design using a Ferrite RM Core

11 4 CR]
N ¥
: L1
]in Ns()] — VO]
10 : —ny +
v + CR2 = gla
m A=< 2 R1Y ‘
cl 6 ¥ _
° 7 CR3-6
E_z_ VO2
+
4 Lo
™ 2
C3 |R2 T 4
13
— Vo3
1
3_ < 103
A~ :» ‘
10 | CR7-10 C4 R3[|

Figure 3.1 Three output push-pull converter,

Push-Pull Converter Transformer Design Specification

iNnput voltage Min ... Vinin = 22 volts
Output voltage (center tapped) ..o Vo1 = 5 volts
Output CUITENT oo Io1=4amps
Output voltage bias (bridge) . ... Vo2 = 12 volts
Output current ,....... PP P PP 0.... 1.2=0.25 amps
Output voltage bias (Dridge) . . .. ... V3=12volts
OULPUL CUITENT oot Io3 =0.25 amps
FLEAUENCY oottt f =50 kHz
REGUIALION i o= 0.570
EffiCIENCY oo n=97%

Total AWRI I . .. ttw = 1 psec
Operating fIUX density . . . ..o By, = 0.11 tesla
TraNSISTOr O FESISTANCE ..+ vttt e RQ = 0,125 ohms
Diode VOItage drop ... Vd = 1.0 volt
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Step No. 1 Calculate the total period, T.
1
T = 1—; [seconds]

T= 1 [seconds]
50000

7 =20 [usec]

Step No. 2 Calculate the maximum on time, ton.

T
f== [1 I8
5 [ 1sec)

t - t,, [usec)

on(max)

=10 — 1 [usec]

fon(ma)()

t = 9 [usec]

on{max)

Step No. 3 Calculate the maximum on duty ratio, Pmax-

D _ {'\w.{ max)

max
® |

Dy = 2
20
D, .. =045

max

Step No. 4 Calculate the maximum apparent secondary power, I'ts-

P,=1,(V, + V, W2 [watts] tapped winding
P, =1(V,+V,)[watts] single winding

Py, = (4)(5+ 1)(1.41)= 33.8 [watts]
P, =(0.25)(12+2)= 3.5 [watts]
Pios = (0.25)(12 +2)= 3.5 [wattg]
Pts = Ptsa] " P!so? + P!so3 [WattS]

P, = (33.8)+ (3.5)+ (3.5= 40.8 [watts]
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P, =P, ——z—-Ll [watts]

P, =40.8

P,= 100 [watts]

K, =0.145(K, ) () (B, ' x10
K, = (0.145 )(4.0)2(50000)2(0.11)2X 10-4

Step No. 5 Calculate the apparent power, Pt.

41

Step No. 6 Calculate the electrical conditions, Ke.

K,=7018

Kg =

‘g= 2(7018)(0.5) “°™!
K,=0.0142 [cm]
Kg = (0.0142)(1.25)= 0.0177 [cm®]

Core number

2K .«

Step No. 7 Calculate the core geometry, Kg.

P,

‘(loo)

See Engineering Design Note No. 4 and 19.

—+ 1 [watts]
(097 )

[cm’]

Manufacturer

Magnetic material
Magnetic path length

Window height

Core weight

Copper weight

Mean length turn
Iron area

Window area
Area product

Core geometry
Surface area

Millihenrys per 1000 turns
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Step No. 8 Select from Table 4.2 an RM core comparable in core geometry Kg.

RM-42316
Magnetics Inc.

P, Hi = 2500

MPL = 3.80 cm
G=1.074cm

Wife = 13.0 grams
Wt =6,73 grams
MLT = 4.17 cm

Ac = 0.640 cm’
Wa = 0.454 cm’
A,=0.290 cm’
Kg= 0.0178 cm’

At=20.2 cm?2
mh =2200



‘ Step No, 9 Calculate the total secondary load power, Pyq.

PO = I,(V,+V,) [watts]

P, = (4)(5+1) [watts]

P,, = (0.25)(12+2) [watts]
P,; = (0.25)(12+2) [watts]

J,. = Py+ P+ P, [watts]
P,=(24) + (35+ (3.5 [watts]
P, = 31 [watts]

Step No. 10 Calculate the current density J using a window utilization, Ku = 0.32.

[amps / cm?)

! (1 00)X10'
~ (4.0)(0.32)(0.11)(50000)(0.290)

] = 490 [amps/ cm’]

cm?]

[amps

‘ Step No. 11 Calculate the average primary current, li,.

P
I, =—"— [amps]

in

in

w

;31
"oT(22)097) )
I, = 1.45 [amps]

Step No. 12 Calculate the peak primary current, Ipk-

I
] — iz}
* =50 [amps]

max

1.45
1y - 09 [amps]

I, =161 [ampg]

Step No. 13 Calculate the average primary voltage, Vp.

VP = (Vl'n )(2Dmax ) (I,,RQ) [VOltS]
V, = (22)(0.9) - (1. 45)(0.125) [voltg

‘ V,=19.62 [volts]
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. Step No. 14 Calculate the primary turns, N..

V,x1 0" t
- urns
(19.62)x10"

& (4.0)(0.11)(50000)(0.640) [turns]

N, =139 use N, =14 [turng]
See Engineering Design Note No. 2.

Step No. 15 Calculate the primary wire area A,,. Using a center tap winding the current is
multiplied the square root of the duty ratio, YDmax-

LDy

A, =—-~"‘{m [em?]
__1.53(0.671) [ -
! 490

A,, = 0.00210 [em?)

]

Step No. 16 Calculate the skin depth y. The skin depth will be the radius of the wire.

' _6.62
v= ‘\Tf“ [cm]

Y= i [cm]
\/50x10°
¥y = 0.0296 [cm]

See Engineering Design Note No. 1.

Step No. 17 Calculate the wire area.

wire, = n(y)2 [em?)
wire, = (3.14)(0.0296)°[cm?]
wire, =0.00275 [cm’]

Step No. 18 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG=#23

A = 0.00259 [cm’]

1/ cm=666

Au, = 0.00314 [cm?) with insulation
‘ See Engineering Design Note No. 3.
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Step No. 19 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG=#24
A = 0.00205 [cm]
1/ cm =842

See Engineering Design Note No. 3.

Step No. 20 Calculate the primary winding resistance, Rp.

ue

R,=MLT(N, )( -

)xlO’(’ [ohms]

R, =4.17(14)(842)x10+ [ohms]
R,=0. 0492 [ohms]

Step No. 21 Calculate the primary copper loss, .

_ e\ 2
I)p B (Ipl\ 'JéDniaX) I{ [WattS]
P, = (1.53)°(.0492) [watts]
p,=0.115 [walts]

Step No. 22 Calculate the secondary turns, Nso1, each side of center tap.

N (V, +V
N Vo +Vi) o, @ [turns]
v, (100
_14(5+ 11,95 [turns]
1T 1962 (- 100)
N, =4. 30 [turns]

use N,;,; = 4 [turng]

See Engineering Design Note No. 2.

Step No. 23 Calculate the secondary wire area Aws(1- Because of the center tap winding the
current is multiplied by the square root of the duty ratio, Dmax-

1 D__
A _ 1s01 '\/]'_max [Cm’]

ws0l

_ 4.0(0.671) o2
Auor 490

A, = 0.00548 [cm’]
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Step No. 24 Calculate the required number of strands. Sycq1. and the pQ/cm

Au_sm _ (0,00548) —2.11use 2
“© =423 (0.00259)

(new)uQ / cm = pQ/ cm _ 666

=333
SnsOl 2
See Engineering Design Note No. 2.
Step No. 25 Calculate the secondary winding resistance, Rg01
11! -6
Ry = MLT(N,y,) po- 107 [ohms]

R, =4.17( 4)(333)X10-6 [ohms]
R,y = 0.00555 [ohms]

Step No. 26 Calculate the secondary copper loss, F's01

P.<01:'].=201R [watts]
D oy = (4.0)°(.00555) [watts]
P.; = 0.0889 [watts]
Step No. 27 Calculate the secondary turns, Ns02

+2V
N0 =N(V -(S’ [turns]

l4(12+ 2) 1+___ [turns]

19.62 (  100)
N,, = 10.04 [turng]

use N, =10 [turng]
See Engineering Design Note No.2.

s02 —

Step No. 28 Calculate the secondary wire area, Aws(2

L)

A = S]OQ [cm’]
0.25 ,
w2 = E [Cm ]

A, 0.000510 [cm?]

See Engineering Design Note No. 3.
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Step No. 29 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size,

AWG=#30
A, = 0.0005067 [cm?]
1182 7 cm = 3402

Step No. 30 Calculate the secondary winding resistance, Rg(2.

Ry, = MLT(N,, - x10° [ohm]

Ry, =4, 17(10 )(3402)x10-G [ohmg]
R,y = 0.142 [ohms]

Step No. 31 Calculate the secondary copper loss, Pggp-

P, = I2,R [watts]
P,, = (0.25)%(.142) [watts]
P, = 0.00887 [watts]

Step No. 32 Calculate the secondary turns, Ngo3.

3 NV(V03 +2V,)

N 1+-% [turns]
3 = urns
- v, ( 100)
14(12+ 2)gf . 95 [turns]
Nso3-—————
19.62 10

N.,; = 10.04 [turns
use N, = 10 [turns]

See Engineering Design Note No.2.

Step No. 33 Calculate the secondary wire area, Aws03-

Avn === [cm’]
A, = 0.000510 [cm?]

Sce Engineering Design Note No. 3.
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Step No. 34 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG=#30
A, = 0.0005067 [cm*]
& [ em = 3402

Step No. 35 Calculate the secondary winding resistance, Rga.

RSO3 — MLT(NS(B) Cril X]0~6 [Oth]

R,; =4,17( 10)(3420)x10-f [ohms]
R, =0.142 [ohms]

Step No. 36 Calculate the secondary copper 10SS, Pgn3.

P, = I2,R [watts]
P, = (0.25)°(.142) [watts]
P, = 0.00887 [watts]

Step No. 37 Calculate the window utilization, Ku.

[turng] = 2( N,,S,,,,) = 2(14) = 28 [primary]
[turng] = 2(N,;,S,.01) = 2(8) = 16 [secondary]
[turns] = (N.S,e02 ) = (10) [secondary]
[turns] = (N 43S.03)= (10) [secondary]

N,y =28 turns, #24

N, =16 turns, #23

N, =20 turns, #30

K = N#24Aw + N#23Aw + Nuako

} W

« (28)(0.00205) + (16)(0.00259) + (20)(0.000470)
“ (0.454)

K, =0.238
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Step No. 38 Calculate the total copper loss, I’

P, =P, + Py + Py + Pyy [Watts]
P, = (0.115)+ (0.0889)+ (0.0087)+ (0.0087) [watts]
P, = 0.221 [watts]

Step No. 39 Calculate the regulation o for this design,

P
a = =2 x100 [%]
P,

- (?32—12)1) %100 [%]

a=0.714 [%]

Step No. 40 Calculate the flux density, Bm.

VPX104

B =— [tesla)
K fAN,

(19.62)x10*

[tesla]

"™ (4.0)(50000)(0.640)(14)
B“, = 0.109 [tesla]

Step No. 41 Calculate the watts per kilogram WK using P material Figure 4.1.

WK = 3.18x10*(f)"*"(B,.)*™" [watts/kilogram]

WK = 3.18x10°(50000 }"*’(0.109)®” ™ [watts/ kilogram]
WK = 8.99 [watts kilogram]

Step No. 42 Calculate the core 10SS, Pfe .

P, =[M)WY,X10-3 [watts]
gram
P, = (8.99)(13 )x10-3 [watts]

P, = 0.117 [watts]

(4
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‘ Step No. 43 Calculate the total loss, core P¢, and copper Peu, in watts Py.

Py = P4 P, [watts]
Py =(0.117)+ (0.221) [watts]
Py = 0.338 [waltts]

Step No. 44 Calculate the watt density, A.

P 2
A==t [watts/ cm?]
A

0.338
20.2
A = 0.0167 [watts/cm’]

A= [watts/ cm’]

Step No, 45 Calculate the temperature rise in degrees C.

T, = 450(1)(0'826) [degrees C]

T, = 450(0. 0173)“® [degrees C]
T, =15.3 [degrees C]

‘ Design Summary
Core Part Number RM-42316
Magnetic Material 1’ Ferrite
Frequency 50kHz
Flux Density 0.109T
Core Loss 0.117 W
Permeability 2500
Millihenrys per 1K Turns 2200
Winctow Utilization Ku 0.238
Winding Number 1 2 3 4
AWG 24 23 30 3(I
Strands | 2 l 1
Total Turns 28 8 10 10
Taps Center Center None None
Resistance 0.0492 0.00555 0.142 0.142
‘ Copper 1,0ss 0.115w 0.0889 w 0.00887 w 0.00887 w
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Half Bridge Converter Design using a Ferrite PQ Core
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Figure 3.2 Three output half bridge converter.
Half Bridge Converter Transformer Design Specification

INpUt VOItage NN ..o
Output voltage (center tapped) .. ...
OULPUL CUITENT oo
Output voltage (center tapped) . ......oov e
OUEPUE CUITEIEDIAS . v
Output voltage bias (bridge) ...
OUEPUE CUITEIEDIAS . v
R OUENCY i
ReguIation ...
EFfICIENCY
Total OWEITEIME ..o
Operating flUX QenSItY ... .. .' v
TrANSISLOr ON FESISEANCE oo et
Diode voltage drop .......ocoovviiiiii i

Vmin 150 volts
Vo1 = 5volts
Ip1= 2.0 amps
Vg2 = 28 volts
Iop=1.0 amps
Vo3 = 12 volts
I3 = ().5 amps

f = 50 kHz

n=95 %

Tt = 1psec
By, = 0.15 tesla
RQ =0.8 ohms
Vq = 1.0 volt



O

Step No. 1 Calculate the total period, T.

T = 1 [seconds]
f

T= 1 [seconds]
50000

T =20 [usec]

Step No. 2 Calculate the maximum on time, ton.

T
f = —{usec
5 [11sec)

f - 1, [Hsec]

l'nn(max) =

f =10 -1 [usec]

on{max)

9 [usec]

fon(max) =

Step No. 3 Calculate the maximum on duty ratio, Dmax-

- _on(max)
max {
Dmax = '9_0
20
Dmax = 0,45

Step No. 4 Calculate the maximum apparent secondary power, Pts-
P, =1,V -t V, W2 [watts] tapped winding

P=1(V,+V,) [watts] single winding

P.= (2)(5+ 1)(1.41)=- 16.9 [watts]
P, = (1)(28+ 1)(1.41)= 40.9 [waits]

P, = (05)(12 +2)= 7.0 [waits]

P = Ptso] + Ptsn? + ])1503 [WattS]

ts

P, = (16.9)+ (40.9)+ (7,0)= 64,8 [waits]
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Step No. 5 Calculate the apparent power, -

P, =P, l+1) [watts]
[

P = 64.8(—l+ 1 [watts]
~\095 )
P, =133 [watts]

Step No. 6 Calculate the electrical conditions, Ke.

K, =0.145(K, ) () (B, ) x10™

K, = (0. 145)(4.0)°(50000)*(0. 15)’x10™
K, = 13050

Step No. 7 Calculate the core geometry, Kg.

I)
K, ==t
¢ 2K«

_ *(133)
§ 2(13050)(0.5)
K,= 0.0102 [ems]
— — , 5
K, = (0.0102)(1.25)= 0.0128 [cm®]

[cm’]

[cm’]

See Engineering Design Note No. 4 and 19

Step No, 8 Select from Table 4.3a I'Q core comparable in core geometry Kg.

Core number
Manufacturer
Magnetic material
Magnetic path length
Window height
Core weight
Copper weight

Mean length turn

Iron area
Window area
Area product
Core geometry

Surface area
Millihenrys per 1000 turns
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Q-42016
Magnetics Inc.

P, Hi = 2500

MPL =3.74 cm
G=100cm

Wtfe = 13.0 grams
Wt =6.62 grams
MLT =4.34 cm

Ao =058 cm’

Wa = 0.428 cm?
A,=0.248 cm’
Kg= 0.0133 cm’

At=17.4 cm’
mh = 2930



Step No. 9 Calculate the total secondary load power, I'to-

P, =1,(V, +V,) [watts]

P, = (2)(5+1) [watts]

P, = (1)(28+1) [watts]

P, = (0.5)(12+2) [watts]
P,=P, %t P,* P, [watts]

P = (12+ (29)+ (7.0) [walts]
P, =48 [watts]

Step No. 10 Calculate the average primary current, li,. Because this a half bridge the input
current is multiplied by 2.

li” = L [amps]
v.n

I 48

" - {150)(0.95) "0
I,, = 0.337 [amps]
1,=21, = 0.674 [amps]

Step No. 11 Calculate the average primary voltage, Vp. Because this a half bridge the input
voltage is divided by 2.

1%
V,= (hz‘iJ(ZDmM) - (] pRQ) [volts]
V, = (75)(0.9) - (0.674)(0.8) [volts]

V,=66.9 [volts]

See engineering Design Note No. 23.

Step No. 12 Calculate the primary turns, Np.

_VPX104
’ KfB"lfAr
_ (66.9)x10°
P” (4.0)(0.15)(50000)(0.580) *“"*
N, = 38.4 [turns]
use N, =38 [turns]

turns]

See Engineering Design Note No. 2.
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Step No. 13 Calculate the current density J using a window utilization, Ky = 0.32.

__Px0t
K,K,B,fA,
(133)X 10"
(4.0)(0.32)(0.15)(50000)(0.248)

] = 559 [amps/ cm’]

[amps / cm’]

]

] . [amps |

Step No. 14 Calculate the primary rms current, Ip(rms)-

l,
=——L—Jamps]

1p(rms) - —\/'21)—
1 - J“Mta mps
p( rms) (094 ) p ]

Ip{my = 0.710 [amps]
See Engineering Design Note No. 23.

Step No. 15 Calculate the primary wire area, A,,.

Au?’) I )]r'”.q [Cm 1]

_0.710
“7 559
A,, = 0.00127 [cm’]

[em’]

Step No. 16 Calculate the skin depth y. The skin depth will be the radius of the wire.

y= 662 [cm]
Vf
_ 6.62
" Jsoxior Lem]
y = 0.0296 [cm]
See Engineering Design Note No. 1.

Step No. 17 Calculate the wire area.
wire, = n(y)’ [em?]
wire, = (3,14)(0.0296)*[cm’]
wire, = 0.00275 [cm’]
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’ Step No. 18 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG=#23
A, = 0.00259 [cm]
12 cm = 666

A,y =0. 00314 [cm’] with insulation

See Engineering Note Design No. 3.

Step No. 19 Select a wire size with the required area from the wire Table 9.1,

A,, = 0.00127 [cm*]
AWG #26
Ay = 0.00128 [cm’]

1S/ cm = 1345

Step No. 2(I Calculate the primary winding resistance, R,.

R = Ml,v'(N,)(i‘—@)xlo"‘ [ohms])
. ' A em
R, =4,34 (38)(1345)x10-G [ohms]

R, = 0.222 [ohms]

Step No. 21 Calculate the primary copper loss, I’p.

P, = 1R, [watts]

P, = (0.710)%(.222) [watts]
P, = 0.112 [watts]

Step No. 22 Calculate the secondary turns, Ngp1, each side of center tap.

Np(vm + Vd) ] (94

N + turns
soF~ v (¢ 100) [ ]
~0.5
_ 38(5 +1)4, [turns]
'°' 66.9 10,

N, =3,43 [turns
use N, = 4 [turns]

. See Engineering Design Note No. 2.
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. Step No. 23 Calculate the secondary wire area Aws01. Because of the center tap winding the
current is multiplied the square root of the duty ratio, VDmax-

1.,4D,

Awsm — sOl{max [Crn2]
2.0(0.671

Avn = a2 fem]

A, = 0.00240 [cm’]
Step No. 24 Calculate the required number of strands, Shsp1, and the p&2/cm.

chO] ,
SneOl : T
‘ wire, # 23
S,c01 — M o o3 use 1
(0.00259)= °
U/ cmi = 666

See Engineering Design Note No. 2.

Step No. 25 Calculate the secondary winding resistance, Rgpj.

119

. RSm:MLT(NSm)(a 3<| O-’ [ohms]
R, = 4.34( 4)(666)x10-" [ohmsg]
R, = 0,0116 [ohmsg]

Step No. 26 Calculate the secondary copper loss, Pg(1-

P, = 12,R [watts]
P, = (2,0°(.0116) [watts]
P, = 0.0464 [watts]

i

Step No. 27 Calculate the secondary turns, Ns02, each side of center tap.

N, (Vy, +V,)
Ng=—1-2 4 +§ turns
s To0 | ]

v,
38(28+1) . 05
- 1+ turns
27 669 (100 )[ :

N, = 16.55 [turns]
use N, =17 [turns]

. See Engineering Design Note No. 2.
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Step No. 28 Calculate the secondary wire area, Aws02- Using a center tap winding the current is
multiplied the square root of the duty ratio YDmax-

1., D,
A =—S£\f]—““‘“ [em?
L.00.671) (o
559

A, = 0.00120 [em?]
See Engineering Design Note No. 3.

]

Awoz -

Step No. 29 Select a wire size with the required area from the wire Table 9.1. If the area is not

within 10% of the required area, then go to the next smallest size and record the resistance in
nQ/em.

A, =0.00120 [cm’]
AWG #26

A= 000128 [cm'’]
HQ / cm= 1345

Step No. 30 Calculate the secondary winding resistance, Rs02-

Ryp = MLT(N )(%)x10'6 [ohms)

R, =4.34 (17)(1345)x10-G [ohmg]
R, = 0.0992 [ohms]

Step No. 31 Calculate the secondary copper 10SS, T'sqp.

P, = ]Zostoz [watts]

P, = (1.0)°(.0992) [watts]
P, = 0.0992 [watts]

Step No. 32 Calculate the secondary turns, Ns03-

N (V,, +2V
Nsos3 :1,( 0‘3/ —j—)(% [turns]
" 2
Ng, 380242), 057
% 77669  ( 100)

N = 7,99 use N, = 8 [turng]

See Engineering Design Note No. 2.
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. Step No. 33 Calculate the secondary wire area, Aws03.

A = L [cm’]

ws03 ]
0.5
= — [cm’
w03 559 [ ]

A3 = 0.000890 [cm’]
Sce Engineering Design Note No. 3.

Step No. 34 Select a wire size with the required area from the wire Table 9.1

A0 = 0.000888 [cm?]
AWG #28

A, = 0.000805 [cm’]
1€ /Cm= 2143

Step No. 35 Calculate the secondary winding resistance, Rgq3.

Ry = MLT(N,, 2} x1 07 [ohms]

cm
. R, = 4.34( 8)(2143)x10-6 [ohmg]
R, = 0.0744 [ohms]

Step No. 36 Calculate the secondary copper loss, Pgy3.

Py = ]s203R503 [watts]
P, (0.5)*(.0744) [watts]
P, =0.0186 [watts]

Step No. 37 Calculate the window utilization, Ky,.

Awt:Nsns(Aw ) [Cm’]
A, = (38)(1)(0.00128) = 0.0486 [cm?]

wip
A1 =2(4)(1)(0.00259)= 0.0207 [cm?]
A, = 2(17)(1)(0.00128)= 0.0435 [cm']
A = (8)(1)(0.000805) = 0.00644 [crm']
.= (0.0486)+ (0.0207)+ (0.0435)+ (0.00644) [cm?]
A, 0119

L=l = 7 20,278
W+ 0.428

R >




‘ Step No. 38 Calculate the total copper loss, I’,,.

Pcu = Pp + psOl + PsO? + 1)503 [WaItS]
P. = (0.112)+ (0.0462)+(0.0992) + (0.0186) [watts]
P, = 0.276 [watts]

Step No. 39 Calculate the regulation a for this design.

a .1:— xI 00 [%]

(0.276)
“(48)
o = 0.575 [%]

x100 [%]

Step No. 40 Calculate the flux density, Bpy.

VPX104

=—— [tesla]
KffAch

_ (66.9)x10°

"~ (4.0)(50000)(0.58)(38)

' B,, = 0.152 [tesla]

Step No. 41 Calculate the watts per kilogram, WK, using I’ material Figure 4.1

m

[tesla]

WK = 3.18x10'4(f)(1‘5])(BM)(Q‘W) [watts/ kilogram]

WK = 3.18x107* (50000 )"*"(0.152)"* 747) [watts/ kilogram]
WK = 22.4 [watts/ kilogram] or [milliwatts/ gram]

Step No. 42 Calculate the core loss, Pye .

watts]

P = (milliwatts

-3
e = aram jW,ﬁ,x]O

P, =(22.4 )(13)x10-3 [waltts]
P,=0.291 [watts]

Step No. 43 Calculate the total loss, core P, and copper I'cyy, in watts Py.

)2 = Pfe + Pru

P, = (0.291)+ (0.276) [watts]

‘ P, = 0.567 [watts]

84

[watts]




Step No. 44 Calculate the watt density, A.

P,

A==t [watts / cm’]
A
0.567 ;
A= 74 [watts/ cm’]

A = 0.0326 [watts/ cm?]

Step No. 45 Calculate the temperature rise in degrees C.

Design Summary

Core PPart Number
Magnetic Material
Frequency

Flux Density

Core Loss

Permeability
Millihenrys per 1K Turns
Window Utilization Ku

(0.826

T,= 450( )" [degrees C]

7', = 450(0 .0326 )™ *’[degrees C]
T, =26.6 [degrees C]

Strands

Total Turns
Taps
Resistance Q
Copper 1.0ss

PQ-42016

P Ferrite

50kHz

0.152T

0.291 W

2500

2930

0.278

| 2 3 4

26 23 26 28

| 1 | |

38 8 34 8
None Center Center None
0.222 0.0116 0.0992 0.0744
0.112 w 0.0464 w 0.0992 W 0.0186 w
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‘ 303

Full Bridge Converter Design using a Ferrite PQ Core

T 3

u
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Figure 3.3 Three output full bridge converter.

Full Bridge Converter Transformer Design Specification

1 INPUL VOItage MIN ..o Vimin 150 volts
2. Output voltage (Center tapPed) . .........vvv ittt Vo1 =5volts
3. OUEPUL CUITENT oot 151 = 2.(1 amps
4. Outputvoltage (center tapped) . ...........oviririte i Vo2 =28 volts
5. OUEPUECUITENERIAS ...\ Io2=1.0amp
6. Output voltage bias (rdge) . . .......o.over i Vo3 = 12 volts
7. OUIPUECUITENEDIBS . ...t I3 = 0.5 amps
8. FIEOUENCY ..ottt e, f =50 kHz
9. REGUIALION .. o=05%
10 Efficiency ..o s, 2 95 %
11, Totl ORI IME . Tt = 1 psec
12, Operating flux density ..o By, = 0.15 tesla
13, Transistor onTesistance ... .......ovvenieei i RQ = 0.8 ohms
‘ 14, Diode voltage drop ... V4=1.0 volt
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Step No. 1 Calculate the total period, T.

T :l [seconds]

f

-1 [seconds]
50000

T =20 [usec]

Step No. 2 Calculate the maximum on time, ton.

T

t=>= 10 [usec]
fon(max) = f - ttw [,USQC]
tOrl(max) = 10--1 [HSQC]
fon(max) =9 [,US(’.C]

Step No. 3 Calculate the maximum on duty ratio, Pmax-

I max — —ﬂ(rﬁm‘)
7\
9.0
D o=
D, .= 0.45

Step No. 4 Calculate the maximum apparent secondary power, Pts:

PO = I,(V,+ V, W2 [watts] tapped winding
PO =1,(V,+V,) [watts] single winding

P, = (2)5+ 1)(1.41)= 16.9 [walts]
P, = (1)(28t 1)(1,41)= 40.9 [wats]
P.,= (05)(12+2)= 7.0 [walts]

Pts = Pfsol + Plsn? + Pfso3 [WattS]
P,.=(16.9)+ (40.9)+- (7.0)= 64.8 [watts]
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Step No. 5 Calculate the apparent power, Pt.

P,:P,_cl-l~ 1 [watts]
o)
1
P, =64.8 ——+1 [walt
=648 Gost 1y twand

P,=133 [watts]

Step No. ¢ Calculate the electrical conditions, Ke.

K,=0.145(K, ) (f)'(B,) x10™

K, = (O. 145)(4.0)*(50000)* (0.15)*x10"*
K, = 13050

Step No. 7 Calculate the core geometry, Kg.

I)
Kg=-—-— [cm’]
@

_ (18

¢ - 2(13050)(0.5) ™
= 0.0102 [cm®)

KS
K, = (0.0102)(1.25)= 0.0128 [cm’]

See Engineering Design Note No. 4 and 19.

Step No. 8 Select from Table 4.3a PQ core comparable in core geometry, Kg.

Core number
ManuUfaCtUrer---=scmmmecem oo mee e e
Magnetic material
Magnetic path length
Window height
Core weight
Copper weight
Mean length turn
Iron area

Window area
Area product
Core geometry

Surface area
Millihenrys per 1000 turns

89

PQ-42016
Magnetics Inc.

I”, Hi = 2500

MI'L = 3.74 cm
G=100cm

Wtfe = 13.0 grams
Wt = 6.62 grams
MLT = 4.34 cm

Ac =058 cm’
W, = ().428 cm?’
A,=0.248 cm’
Kg= 00133 cm’
At=17.4 cm’

mh = 2930



Step No. 9 Calculate the total secondary load power, 'to-

P, =1,(V, +V,) [watts]

Py = (2)(5+1) [watts]

P, = (1)(28+1) [watts]

P, = (05)(12+-2) [watts]

P, =P, + P, + P,y [watts]

P, =(12)+ (29)+ (7.0) [watts]
P, =48 [watts]

Step No. 10 Calculate the average primary current, li..

- to

1, == [amps]
p
.48
" (150)(0.95) < mec!
1,, = 0.337 [amps]

Step No. 11 Calculate the average primary voltage, V..

V, = (V.)2D,) - 2(1,R;) [volts]

V,=((150)(0.9)) - 2(0.337)(0.8) [volts]
V, = 1345 [volts]

See Engineering Design Note No, 22.

Step No. 12 Calculate the primary turns, Np.

v x10°
' KanLfAc
(134.5)X10*

» = @.0Y(0.15)(50000)(0.580) ")
N,=77 [turns]

[turns)

See Engineering Design Note No. 2.
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Step No. 13 Calculate the current density J using a window utilization Ku = 0.32.

rx10*
J= "= . [amps/ cm’]
K/KuBmfA,,
- (133)X10*
(4.0)(032 )(015)(50000)(0248) campsy cmy |

J =559 [amps /cm?]

Step No, 14 Calculate the primary rms current, Ip(rms)-

I
1 et amps
p( rms) ’2 Dmax [ p ]
1 -2 ramps
p( rms) (094 p ]
Ly(msy = 0.355 [amps]
See Engineering Design Note No. 23.
Step No. ]5 Calculate the primary wire area, Awp-
1
A,y = 29 fem?)
J
_ 0.355 [em?]
“r - (559)

A,, = 0.000635 [Cn1’l

Step No. 16 Calculate the skin depth y. The skin depth will be the radius of the Wire.

y= 6.62 (cm]
f
= —————32_6_62_ [Cm]
V50x10°
¥ =0.0296 [cm]
See Engineering Design Note No. 1.

Step No. 17 Calculate the wire area.

wire, = x(y)’ [cm’l
wire,, = (3.14)(0.0296)*[cm?)
wire, = 0.00275 [cm’]
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Step No. 18 Select a wire size with the required area from the wire Table 9.1. If the areais not
within 10% of the required area, then go to the next smallest size.

AWG=#23
A, r = 0.00259 [cm*]
UL /lcm= 666

A, = 0.00314 [em?] with insulation
See Engineering Design Note No. 3.

Step No. 19 Select a wire size with the required area from the wire Table 9.1. If the areais not
within 10% of the required area, then go to the next smallest size and record the resistance in
N/ em.

A, =0,000635 [cnm’]

up
AWG #29
Aum= 0.000647 [cm*]
U/ cm = 2664
See Engineering Design Note No. 3.

Step No. 20 Calculate the primary winding resistance, Rp.

R, 1S
cm

R = 4.34(77 )(2664)x10-6 [ohms]

V
R 0.890 [ohms]

p

n

MLT(N,,)( )x]0‘6 [ohms)

Step No. 21 Calculate the primary copper loss, PP.

— 12
P, = I’R, [watts]

= (0.355)*(0.890) [watts]
P, =0.112 [watts]

StepNo. 22 Calculate the secondary turns, Ngo1, each side of center tap.

V +V V
N, 2 ll' [turns]

77(5 + +1) 1+ 2 [turns]
sol " T1345 ( 100)
N, =3. 45 [turns]

use N,,= 4 [turng]
See Engineering Design Note No. 2.
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‘ Step No. 23 Calculate the secondary wire area Aws(1. Because of the center tap winding the
current is multiplied the square root of the duty ratio, VDimax-

Lot ADuwn 2
U, So _ﬂ_‘][_w [em ]

2.0(0.671
Ava =202 fem]

A,.; = 0.00240 [cm?]

Step NO. 24 Calculate the required number of strands, Sns01, and the pc2/em.

S AU, Sl
nsO1 _
“wire, # 23

S 01 - WQ} =0.93 use 1
(0.00259)

12 | cm = 666

See Engineering Design Note No.?2.

Step No. 25 Calculate the secondary winding resistance, Rgp1.

. Ry = MLT(N,, C‘m x10-¢ [ohms]

R, = 4.34(4)(666)x1 07° [ohms]
R.,;= 0.0116 [ohms]

Step No. 26 Calculate the secondary copper loss, Pgg1.

P, = I%,R [watts]

P, = (2.0)(.0116) [watts]
P, = 0.0464 [watts]

Step No. 27 Calculate the secondary turns, Ns02, each side of center tap.

N (V,, +V
Vo d)(]+ @ )[turns]
V,, 100
0.5
_77(28 +1) 14 22 [turns]
02 1345 ( 100)
N, = 16.7 [turns]
use N,,= 17 [turng]

N,*,=

. See Engineering Design Note No. 2.
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Step No. 28 Calculate the secondary wire area Aws02- Using a center tap winding the current is
multiplied the square root of duty ratio, VDmax-

IsO2 \[Dxx\ax [ .2 1

A= ]
1.0(0.671) 2
= ——— |em
w02 559 [ ]

A,.» = 0.00120 [cm’]
See Engineering Design Note No.3.

Step No. 29 Select a wire size with the required area from the wire Table 9.1. If the areais not

within 10% of the required area, then go to the next smallest size and record the resistance in
p 2/ em.

A, = 0.00120 [em?]
AWG #26

A, = 0.00128 [em’]
/1Q/cm=1345

Step No. 30 Calculate the secondary winding resistance, Rg(2.

Ry = MLT(N o, ) ‘C’% xl 0 [ohms]

R, =4,34(17)(1345)x1 0 [ohms]
R, = 0.0992 [ohmg]

Step No. 31 Calculate the secondary copper 10SS, sqp-

P, = I%,R,, [watts]

P, = (1.0)°(.0992) [watts]
Py, = 0.0992 [watts]

Step No. 32 Calculate the secondary turns, Ngo3.

N (Vi +2V
N, = A 0‘3/ ")<+100 [turns]

,)
7(12 0.5
03 = 77(1 +2)l+ [turns]
o 1345 ( 100)
N,,; =8. 05 [turng]

use N, =8 [turng]
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See Engineering Design Note No. 2.

Step No. 33 Calculate the secondary wire area, Aws03:

AwsOB = 12‘0—3_ [Cm,]

]

0.5 ,
,. —— [cm’]
“0°°559

A, ;= 0. 000894 [cm’]

See Engineering Design Note No. 3.

Step No. 34 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size and record the resistance in

ne2/em.

A= 0.000894 [cm’]
AWG #28

A, = 0.000805 [cm’]
U2 cm=2143

Step No. 35 Calculate the secondary winding resistance, Rs(3.

/ -
Ry = MI,T(NSM)!-Q)X] 06 [ohms]
\cm

R, =4.34 (8)(2143)x10-G [ohms]
R, = 0.0744 [ohms]

Step No. 36 Calculate the secondary copper loss, 'gpa.

P,= 15203R503 [watts]

P, = (0.5)(.0744) [watts]
P, = 0.0186 [watts]

Step No. 37 Calculate the total copper loss, Pcu-

Pcu = Pp * PsOl * 1)502 * ])503 [WattS]

P_ = (0.1 12) + (0.0464)+ (0.0992) +(0.0186)[watts]

P, = 0.276 [wats]

95



Step No. 38 Calculate the regulation, «, for this design.

P o
o=zl 00 [%]
a—0279 100 (%]

(48)

a = 0.575 [%)]

Step No. 39 Calculate the window utilization, Ku.

Ay = NS, (A,)[em’]

A, = (77)(1)(0.000647) = 0.0498 [cm']

A, = 2(4)(1)(0.00259) = 0.0207 [cm?]

A = 2(17)(1)(0.00128) = 0.0435 [cm’]

A = (8)(1)(0.000805) = 0.00644 [cm?]

A, =(0.0498) +(0.0207) + (0.0435) + (0.00644) [cm’]

“ W, 0428 -

Step No. 40 Calculate the flux density, Bpy,.

V,x10°*
m - [teSla]
KffACNp
345X 104
5, = e AN [tesla]

" (4.0)(50000 )(0.58)(77)
B, =0.151 [tesla)

"

See Engineering Design Note No. 5.

Step No. 41 Calculate the watts per kilogram, WK.

WK =3.18x10(f)"*"(B,)* ™ [watts / kilogram]

WK = 3.18x107(50000 )**V(0.151) ") [watts / kilogram]
WK =22 [watts / kilogram] or [milliwatts/gram]
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Step No. 42 Calculate the core loss, Pfe -

= _EaT-Jw,ﬁ,xlo‘3 [watts)

P, = (22)( 13)x10-3 [watts]
P, =0, 286 [watts]

p (milliwatts

Step No. 43 Calculate the total loss, core Tg, and copper, I’ in watts 'y

Py =P, + P, [watts]

P, = (0,286)+ (0.276) [watts]
P, = 0562 [watts]

Step No. 44 Calculate the watt density, A.

P, )
A = =X [watts/ cm’]
A.

0.562 [watts / cm’]
17.4

A = 0.0323 [watts/ cm?]
Step No. 45 Calculate the temperature rise in degrees C.

T, = 450(A )% [degrees C]
T, = 450(0.0323 Y*®9 [degrees C]
T, = 26.4 [degrees C]
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Design Summary

Core Part Number
Magnetic Materia
Frequency

Flux Density

Core Loss

Permeability
Millihenrys per 1K Turns
Window Utilization Ku

Winding Number

AWG
Strands

Total Turns
Taps
Resistance Q

Copper Loss

PQ-42016

P Ferrite

50kHz

0.151

0.286 w

2500

2930

0.280

1 2 3 4

29 23 26 28

l 1 | 1

77 8 34 8
None Center Center None
0.890 0.0116 0.0992 0.0744
0112w 0.0464 w 0.0992 W 0.0186 w
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Forward Converter Design using a Ferrite ETD Core
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Figure 3.4 Two output single ended forward converter.

Single Ended Forward Converter Transformer Design Specification

INPUL VOItAgE MAX ..o, Vmax = 35 Volts
INPUL VOItagE NOM ... Vnom = 28 Volts
INPUEVOIAE Min. ... Vinin =22 volts
OUtpUL VOItAgE ..o Vo =5 volts
Qutput CUITENT ..o 1,==2 amps
OULPUEVORAGE DIAS . . .ot V.12 volt
Output CUITENEDIAS ... lo=2amps
Demag Winding turns ratio . ... 11

Demag POWEN ..o 10%
FrEQUENCY ..ot f = 50 kHz
Converter effiCIBNCY . . ... ..o 1= 80%
Maximum duty ratio ... Dmax=0.45
Regulation ... a=05%
Operating fIUX JBNSILY . ..o AB,=0.1tesla
Diode voltage ... Vg4 =1.0 volt
TrANSISIOr ONTEIAE . ... RQ =0.078 ohms
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Step No. 1 Calculate the total period, T.
1
T = ? [seconds]

1
T =——— [seconds]
50000
T =20 [usec]

Step NO. 2 Calculate the maximum transistor on time, ton.

tON = ’T[)max Ulsec' ]
t,,= (20X1 0-°)(0. 45) [//sec. ]
t,=9. 0[usec. ]

Step No. 3 Calculate the maximum secondary output power, Its.

Py =1u(Vo +V,) [watts]
P =(2)(5+ 1) [watts]

. P, = (9(12 -t 1) [watts]
P, = (12)+ (26) [watts]
P, =38 [watts]

Step No. 4 Calculate the total input power, Pin.

P, = 47.5 [watts]

Step No. 5 Calculate the electrical conditions, K.

K,=0.145(f)"(AB, ) x10™
K, = (0.145 )(50000) *(0.1)*x10™
K, =362
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Step No. 6 Calculate the core geometry, K, adding 10% to the input power Pi for the demag
winding.

__]'] pianax [Cm’]
& K«

[4

(52)(045) e’

¢ - (362)(0.5)
K, = 0,129 [cm®]
K, = (0.129)(1.25)= 0.161 [cm®]

K

See Engineering Design Note No. 4 and 19.

Step No. 7 Select from Table 4.8a ETD core comparable in core geometry, Kg.

Core NUMb T —---mmmm oo ETD-43939
Manufacturer - ---mmm e e Magnetics Inc.
Magnetic material - - - P, Hi=25(MlI
Magnetic path length -----=-=-=mm e MI'L = 9.27 cm
Window Height - G=285cm
Core weight =777 77=77=7mmmmmmmsmmommmsmssmssmsmsossssossosossoseoseses Wtfe = 60.0 grams
Copper weight === somecmmmccmccceeee Wt = 75 grams
Mean length turn MLT =8.37 cm
Iron area Ac=123 cm’
Window Area Wa = 2.51 cm’
Area Product A,=3.08 cm'
Core geometry Kg= 0.181cm’
Surface area At=69.5 cm’
Millihenrys per 1000 turns - mh =210(l

Step No. 8 Calculate the primary rms current, Ip(rms)-

Pit,

I - amps
p(rms) Vmin —\/I.)max [ p: ]
I G
p(rms) (22)(0671) camps]
I ney = 322 [amps]

Step No. 9 Calculate the primary voltage, Vp.

‘ p= Vmin _ (];)RQ) [VO]tS]
V, =22 - (3.2.2)(0.078) [volts]
V,= 2175 [volts]
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Step No. 1(I Calculate the number of primary turns, Np.

P fAAB
_ (21.75)(0.45)x10*
”*(50000)(1.23)(0.1)

N, = 159 [turng]

use N, = 16 [turns]
See Engineering Design Note No. 2.

[turns]

Step No. 11 Calculate the current density J using a window utilization K, = 0.32.

*PADyns

] = ABJAK. [amps/ cm’ ]
| 2(52) (0.671)x104 amps/ em?]

*(0.1)(50000)(3.08)(0,32)
] = 142 [amps /cm’]

Step No. 12 Calculate the required primary bare wire area Awp.

A,, =0.0227 [cm’]

Step No. 13 Calculate the skin depth, y. The skin depth will be the radius of the wire.

Y= 77 [cm]
=22 fem)
Vv50x10°
y= 0.0296 [cm]
See Engineering Design Note No. 1.

Step No. 14 Calculate the wire area.

wire, = n(y) [cm’]
wire, = (3.14)(0.0296)°[cm’]
wire,= 0.00275 [cm’]
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Step No. 15 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then goto the next smallest size,

AWG=#23

A, = 0.00259 [cm’]

HQ [ cm = 666

A, =0.00314 [cm? ] with insulation

Step No. 16 Calculate the required number of primary strands, Sap. and the new pQ/cm.

_ A,
T wire #23
_(0.0227)
~""(0.00259)
S,, =8.76 use 9
(new)uf2 / cm = pQ/ cm = 666 =74

S

“np

9

See Engineering Design Note No. 2.

Step No. 17 Calculate the primary winding resistance R,.

R, = MLT(N HQ
cm

R, =(8.37 )(16)(74)x10-S [ohms]

P

R, =0. 00991 [ohms]

P

x107¢ [ohms]

Step No. 18 Calculate the primary copper lossm I’p4

72
P,=1'R, [watts]

P,= (322)°(.00991) [watts]
P, = 0.103 [watts]
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Step No. 19 Calculate the transformer secondary voltage, Vs.

V,+V,
=L It
VS I)max [VO S]
_ (5.0 -t-1)
lts
501,(0'45) [volts]

Vo = 13.3 [volts]

( 1:g_i+_-_1_.) [vo]ts]
y 02 (0.45)

V., = 28.8 [volts]

Step No. 2(I Calculate the number of secondary turns, Ns.

W (21.75) ( 100)
N, = 9.83 [turns]
use N, = 10 [turns]

See Engineering Design Note No. 2.
Step No. 21 Calculate the secondary rms current, ls.
1SO| ) 1001 '\[i)max [ampS]

I, = 2(0.671) [amps]
lo;”1.34 [amps]

Step No. 22 Calculate the secondary wire area, Awso1.

I :
A = _<_(]n_ [cm’]

134 fom']
w0l 142

A, = 0.00944 [cm’]
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Step No. 23 Calculate the number of secondary strands, Sns01, and the uQ/cm.

o AwsOl
wire , #23
_ (0.00944)

S =
“t(0.00259)
S,s01 =3. 64 use 4

(new)u€2 7 cm = /1§Q2/cm = 626 =166

“ 31501

SnsO]

Step No. 24 Calculate the winding resistance, Rgpq.

R, = MLT(Ny e 10-¢ [ohms]
“H,
R, =8.37 (10)(166)X10-G [ohms]

Ry = 0.0139 [ohms]

Step No. 25 Calculate the secondary copper l0ss, P’g(1.

. P, =12 R [watts]

P = (1,34)°(,0139) [watts]
P, = 0.0250 [watts]

Step No. 26 Calculate the number of secondary turns, Ns(2.

N,V 1+-% [turns]
vV, ( 100,
_(16)(28.8) 0.5
'® (21.75) ( 100)
N, = 21.3 [turng|

use Ny, = 21 [turng|

Nggp =

[turns]

See Engineering Design Note No. 2.

Step No. 27 Calculate the secondary rms current, Igo».

Loy = Lo \ﬁ)ma: [amps]
Ll = 2(0.671) [amps]

. I, =1.34 [amps]
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Step No. 28 Calculate the secondary wire area, Aws(2-

L

AwsO? = }0 [c mz]
1.34 2
A = - [em

A, = 0.00944 [cm’]
Step No. 29 Calculate the number of secondary strands, Sns02. and the pQ/cm.

A 3502

wire, #23

(0.00944)
722 (0.00259)
S,«0p =3.64 use 4

HE/cm 666
S~r|5’92 4

S nsﬁ

(new)u2 lcm = = 166

Sce Engineering Design Note No. 3.

. Step No. 30 Calculate the winding resistance, Rs02-

R, = MLT(N ) 42510 [0hms]
s02 (cm )
Rgy = 8. 37(21)(1 66)x1 0 [ohms]

R, = 0.0292 [ohms]

Step No. 31 Calculate the secondary copper loss, Ps02-

P, = I2,R [watts]
Py, = (1.34)%(.0292) [waitts]
P, = 0.0524 [watts]

Step No. 32 Calculate the demag winding inductance, Ldemag, were Ndemag equals Np.

l’n = I‘IOOOI\](EemagXl0.6 [mh]

L. =(2100)(16)2 X10-' [mh]
I, = 0.538 [mh]
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Step No. 33 Calculate the delta current, Al in the demag winding.

thnn
Al =——— [ampg]

‘demag
. (21.75)(9x10-")
"~ (538x10-)
Al = 0.364 [amps]

[amps]

Step No. 34 Calculate the demag rms current, Idemag see Figure 9.1.

Liemag = AIN0.150 [amps)
I, =(0.364)v/0.150 [amps]

demag
]

=0.141 [amps]

denng

Step No. 35 Calculate the demag wire size, Aw.

I

Au, = "‘]"”S [cm']
L 01aL
" 142

AU, = 0.00099 [cm']

use #23

See Engineering Design Note No. 3.

Step No. 36 Calculate the winding resistance, Rsdemag:

Resenag = MLT(N g0 )(%%)xlo*’ [ohms]

Retemag =8-37 (16)(666)x10-6 [ohms]
R = 0.0892 [ohms]

sdemag

Step No. 37 Calculate the secondary copper loss, 'sdemag:

Poionag = LaienagR [Watts]
Py = (0.141 )'(.0892) [watts]
P enng = 0.00177 [watts]
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Step No. 38 Calculate the window utilization, Ku.

[turns] = (N,,Snp) = (144) [primary]
[turns}=(N,S,.1) = (40) [secondary]
[turns] = (N,S,.02) = (84) [secondary]
[turng] = (Ndl,,mg) = (16) [demag]

N, = 284 turns # 23

k = NA,
=W

« (284)(0.00259)
! (2.51)

K, =0.293

Step No. 39 Calculate the total copper loss, Pcu-

Do = Pp + Py ¥ P+ P [watts]

sdemng

P, = (0.103)+(0.025)+- (0.0524) + (0.00177) [watts]
P, = 0182 [watts]

Step No. 4(1 Calculate the regulation a for this design.

Pru X| 0/]
a -"]‘;“ 00 [ (¢}

o

a '(O(olf)z) x100 [0/0]

a=0.479 [%]

Step No, 41 Calculate the watts per kilogram, WK, using P material Figure 4.1.

ABR(‘
2

(3.18x1 0)(50000)(1 “’(0.050)“”™" [watts / kilogram]
1.056 [watts/ kilogram] or [milliwatts/ gram]

(2.747)
WK = 3.18x10™ (f)“"“)( ) [watts/ kilogram]

WK
WK

i
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Step No. 42 Calculate the core loss, Pfe -

Pf =

(4

(mil]iwatts

)W,ﬁ,xlO'3
gram

SRR

P, =(1.056 )(60)x10-3 [watts]
P,=0.0634 [watts]

Step No. 43 Calculate the total 10SS, core Pfe and copper, Leu in watts Py

Py =P, 4 P, [watts]
Py = (0.0634)+ (0.182) [watts]
P, = 0.245 [watts]

Step No. 44 Calculate the watt density, A.

2
A = LAL [watts/ cm’]

A= 0.245 [watts/ cm’]
69.5

A = 0.0035 [watts/ cm’]
Step No. 45 Calculate the temperature rise in degrees C.
T, = 450(2)"% [degrees C]

T,= 450(0 .0035 )™ *?[degrees C]
T, = 4.21 [degrees C]
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Design Summary

Core Part Number
Magnetic Material
Frequency

Flux Density

Core Loss

Permeability
Millihenrys per 1K Turns
Window Utilization Ku

Winding Number

AWG
Strands

Total Turns
Taps
Resistance €
Copper’ Loss

ETD-43939
P Ferrite
50kHz
AOIT
0.06.34 W
2500

2100

0.293

None
0.0991
0.103 W

None
0.0139
0.025 W

110

21

None
0.0292
0.0524 W

16

None
0.0892
0.00255 W



305
2 Transistor Forward Converter Design using a Ferrite ETD Core

T1

L1 \%
lin 3 CR3 ol
‘0 . m 4
"I aIK g x ,"'_\ s
o+ « cr1 || ENson 1
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Figure 3.5 Two transistor forward converter with two outputs.

Two Transistor Forward Converter Transformer Design Specification

INPUE de VOItAZE MAX . .o Vinax = 370 volts
INPUE deVOIEAGE NOM ... Viom = 44 volts
InputdeVoIage Min. ... Vinin =118 volts
OULPUL VOITAZE ....viv i Vo = 5 volts
OULPUL  CUMTENT ..o 1= 2 amps
OULPUL VOItAZE DIAS. ... i Vo =12 volts
Output current bias.............cccooviond i Io=2 amps
FrEQUENCY oo f =50 kHz
Converter effiCIenCy ... N=80%
Maximum dUty Fatio ..o, Dmax= 0,45
Regulation ... o= 1.0%
Operating flux density ... AB,, = 0.1 tesla
Diode voltage drop ........ccccoviiiiiiii Vq =1.0volt
TranSROr onTESSAE . ... RQ = 0.40 ohms
Window UIlTZaION . . .. .o Ky=0.32
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. Step No. 1 Calculate the total period, T.

1

f

T =< [seconds]

T = L [seconds]
50000

T = 20 [usec]

Step No. 2 Calculate the maximum transistor on time, ton.

1D, [usec.]

t(m max

t,, =(20x10-6)(0.45) [usec.]
t,, =9.0 [)/se c]

Step No. 3 Calculate the maximum secondary output power, Its-

PO1 = 15,(Vy, +- V,) [watts]
Py = (9(5 +1) [watts]
Py, = (2(12+ 1) [watts]

. P, = (12)-1 (26) [watts]
P, =38 [watts]

Step No. 4 Calculate the total input power, Pin.

D = ])tt:
P, —7 [watts]

> (38)

P, = ———) [watts]

P, = 47.5 [watts]
Step No. 5 Calculate the electrical conditions, K.

K, =0.145(f)’(AB,, )’ x10™*

K, = (0.145)(50000)*(0. 1)*x10™*
K, =362
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Step No. 6 Calculate the core geometry, Kg .

- p Dmax ’
K, = —'K oy [cm’]
- (47.5)(0.45) (o)

7 (362)(1,0)
K, = 0.059 [em®]

K, = (0. 059)(1.25)= 0.0738 [cm]]
Sec Engineering Design Note No. 4 and 19.

Step No. 7 Select from Table 4.8 aETD core comparable in core geometry Kg.

Core number ETD-43434
Manufacturer == ceem oo Magnetics Inc.
Magnetic material I’, Hi= 2500
Magnetic path length MPL =7.91 cm
Window Height G=235cCm

Core weight Wtfe = 40.0 grams
Copper weight =mm"mmmmmmTmmmmsmssmsmssmssmssososssssossososooooos Wicu = 46.6 grams
Mean length tUMN =-=-=====mmmmm e MLT =7.16 cm
Iron area - Ac=0.915 em?
Window Area -- - W,=183 cm’
Area Product Ap=167cm4
Core geometry Kg= ().0855 cm5
Surface area At= 53.2 cm?
Millihenrys per 1000 turns mh = 1900

Step No. 8 Calculate the low line input current, li,.

] - in
" Vmin [ampS]
_(47.5
I .
in (118) [amps]

1. =0,403 [amps]

n

Step No. 9 Calculate the primary rms current, Iprms-

I
lmm = " amps
" \/T max [ P ]

_(0.403)

= A amps
prms \/’645 [ p ]
= 0.600 [amps]

1;mns
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Step No. 10 Calculate the primary voltage, Vp.

V,=V, - 2(I,R,) [volts]

V,=118~ 2((0.403)(0.40)) [volts]
V, =117.7 [volts]

Step No. 11 Calculate the number of primary turns, N,.

VD, x10°
b fAAB  <m ¢

(1177 )(0.45)X 104
"~ (50000)(0.915)(0.1) ‘“ns

N,=1158 use N, = 116 [turng]

See Engineering design Note No. 2.

Step No. 12 Calculate the current density J using a window utilizationK,, = 0.32.

AB,fA K,
) 2475 (0671104
= (0.1)(50000)(1.67)(0.32)

] =239 [amps / cm']

[amps o

Step No. 13 Calculate the required primary bare wire area, Awp:

A,,= 0.00251 [cm®]

Step No. 14 Calculate the skin depth, y. ‘I'he skin depth will be the radius of the wire.

.

Y= \/7 [cm]

Y= 662 _ [em]
N
Y= 0.0296 [cm]

See Engineering design Note No.].
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‘ Step No. 15 Calculate the wire area.

wire, = n(y)’ [em?]
wire,= (3.14)(0.0296)°[cm’]
wire,= 0.00275 [cm’]

Step No. 16 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG=# 23

Ay = 0.00259 [cm’]

L2/ cm = 666

Au, = 0.00314 [cm®] with insulation

Step No.17 Calculate the required number of primary strands, Snp, and the new ps2/cm.

A

S = e
v wire, #23
® ;.- (0:00251)
T (0.00259)
S,, = 0.97 use 1.0
(new)ul2 7 cm = ps2/ cm = 6?6 - 666
Sup

Sce Engineering design Note No. 2.

Step No. 18 Calculate the primary winding resistance, Ry.

_ . HEL %
R, = MLT (N,,)(EI—)XIO [ohms]

R, = (7.1 6)(1 16)(666 )x10-G [ohms]
R, = 0.553 [ohms]

Step No. 19 Calculate the primary copper loss, Pp.

—q2
P,=1LR, [watts]

P, = (0.600)%(.553) [watts]

. P, = 0.199 [watts]
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Step No. 20 Calculate the transformer secondary voltage, Vs.

V.= YoV, [volts]

~ max

C(5041) 55 [volts]
< °(0.45)

Y 2(1.2‘0“l 1) = 28.8 [volts]
* % (0.45)

Step No. 21 Calculate the number of secondarys turns, Ngo3.

N V.
N = —L = (4 72’ [turns]
v, ]})

(116)(13,3) 0.5
" (117.7) (1001
Ny = 13.2 use Ny, =13 [turns]

[turns]

See Engineering design Note No. 2.

Step No. 22 Calculate the secondary rms current, Igp1.

Ly = Lot /Dy [amps)
Iy = (2.0) {0,45 [amps]
I, =1.34 [amps]

Step No. 23 Calculate the secondary wire area, Aws01-

1
AwsOl =~ [Cm1]

J

_ 1.34 [em?]
239

Ao = 0.00561 [cm?]

AwOl
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Step No. 24 Calculate the number of secondary strands, Sps01. and the pu€2/em.

SnsO] = 'Aw.40]
wire, # 23
(0.00561)
“*SO’= (0.00259)
5,01 =2.16 use 2
(new)ud / cm = ps2/ cm = 666 =333

SnsOl 2

Sce anéineering design Note No. 2.

Step No. 25 Calculate the winding resistance, Rs01-

HQ L 1p¢ [ohms]
cHi
R,y =7.16 (13)(333)x10-C [ohmsg]

R, = 0,0310 [ohms]

R,y = MLT(N,, (

Step No.26 Calculate the secondary copper loss, I's01-

Par= LR o [watts]
P, = (L34)(031) [watts]
P, = 0.0557 [watts]

Step No. 27 Calculate the number of secondary turns, Ng(2.

N 1] ‘/-"}f‘ suz fi h
502 1V @
I}

(116)(28.8) ~+..!! [turns]
020 (117.7 )e-- 1001

N, = 28.7 use N, =29 [turng]

[turns]

Sce Engineering design Note No. 2.

Step No. 28 Calculate the secondary rms current, 1s02-

Iy, = (2.007/0.45 [amps)
I = 1.34 [amps]
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Step No. 29 Calculate the secondary wire area, Aws02-

!

I ,
AwsO? = ‘]q? [Cm ]

1.34 )
A, = — [cm
v 239 [em”]

A, = 0.00561 [em?]

Step No. 30 Calculate the number of secondary strands, Sns02. and the p2/cm.

Ao
wire ,#23
_ (0.00561)
“%(0.002509)
Suy — 2,16 use 2

SnsO? -

(new)u 7 cm =+—-"—=

. See Engineering design Note NO. 2.

Step No. 31 Calculate the winding resistance, Rg(2.

N\
Rgy = MLT(N 6&9 %10 [ohms]
cm )

R, = 7.16(29)(333)x1 0°° [ohms]
R, = 0.0691 [ohmsg]

Step No. 32 Calculate the secondary copper loss, Pgq2.

P, = LRy [watts]
P, = (1.34)%(.0691) [watts]
Py, = 0.124 [watts]
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Step No. 33 Calculate the window utilization, K.

[turns] =(N,,S,x,,) = (116) [primary]
[turng] =(NS,1) = (26) [secondary]

[turns] = (Ny,S,.00.-(58) [secondary]
N,= 200 turns # 23
N,A,
W,
«  (200)(0.00259)
¥ (1.83)
K,= 0.283

K, =

Step No. 34 Calculate the total copper loss, Pcu-

])cu = I)p + ])501 + ])502 [WattS]
P, = (0,199)+(0.0557)+(0.124) [watts]
P = 0.379 [watts]

Step No. 35 Calculate the regulation, a, for this design.

o= 29 x100 [%]
])

a= 0.997 [%]
Step No. 36 Calculate the watts per kilogram, WK.

sy AB,, (2747)

2
(3,18 x10*)(50000)**"(0.050)%™" [watts/ kilogram]
1.056 [watts/ kilogram] or {milliwatts/ gram]

WK = 3.18x107 (f) [watts / kilogram]

WK
WK

Step No. 37 Calculate the core loss, Pfe.

])

(milliwattts
|

gram
P,= (1.056)(60)x10°[watts]

P, = 0.0634 [watts]

jw,ﬂ,xlO‘3 [watts]
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Step No, 38 Calculate the total 10SS, core Pe and copper, P¢y, in watts Pz.

Py=P,+ P, [watts]

P, = (0.0634)+- (0,379) [watts]

P, = 0,442 [watts]

Step No. 39 Calculate the watt density. A.

Py
A==% [watts/ cm’]
A

i
0.442

A = —— [watts / cm’]

83.16

A= 0.0083 [watts/ cm’]

Step No. 4(I Calculate the temperature rise in degrees C.

T,=450(A )”*[degrees C]
T, = 450(0.0083 Y9 [degrees CJ
T, = 8.6 [degrees C]
Design Summary
Core Part Number ETD-43434
Magnetic Material P Ferrite
Frequency 50kHz
Flux Density 01-F
Core LOsS 0.0634 W
Permeability 2500
Millihenrys per 1 K Turns 1900
Window Utilization Ku 0.283
Winding Number 1 2 3
AWG 23 23 23
Strands ! 2 2
Total Turns 116 13 29
Taps None None None
Resistance £ 0.553 0.031 0.0691
Copper Loss 0.199 w 0.0557 w 0.124 W
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306
Weinberg Converter Design
using a Ferrite Core
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Figure 3.6 Weinberg current-fed converter.
Weinberg Converter Transformer Design Specification
?npUt VOITBOE .o Vinin = 24 volts
INPUL voltage ..o, Viorm 28 volts
INPUL VOITAgE ... Vmax = 35 volts
Output voltage (center tapped) Vg =28 vlts
Output CUITBNT oo e, Io(max) =15 amps
OUPUL CUITENT ., Io(min) = 0.15 amps
FrEOUENCY e f =50 kHz
REQUIALTION ..., o=05%
BRI CIENCY =97 %
Operating fIUX GBNSILY .. ... By, = 0.1 tesla
TraNSISHOr ONTESISANCE . .. RQ =010 ohms
Diode voltage OrOD . ...\ Vq=1.0volt

This design example operates in conjunction with design example 307.
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Step No.1 Calculate the total period, T.

T = 1 [seconds]
f

7= _L [seconds]
50000

= 20 [usec]
Step No. 2 Calculate the maximum on time, ton.

t= —72; [11sec)

[1sec]

“on(max) = .—2~

=10 [j/see]

ton(max)

Step No. 3 Calculate the maximum duty ratio, P(max)-

D = -tﬂi

_10
“max o0
D =05

max

Step No. 4 Calculate the maximum secondary power, Its.

P, =1,(V,+V,) [watts]
P, = (15)(28+1) [watts]
P, = 435 [watts]

Step No. 5 Calculate the apparent power, 't

IJ’ = ])0(.\_[2,+ \/5_) [WattS]
n

P, =43, 5(1'4_1 N 1.41) ¢ watts]
0.97

P,= 124.6 [watts]
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0,

Step No, 6 Calculate the electrical conditions, K.

K, =0.145(K,) ()’ (B, )2x10-4

K, = (0.145 )(4.0)2(50000)2(0.1)2X 10-4
K, = 5800

Step No. 7 Calculate the core geometry, Kg

)
- ¢

§ 7 2K,
_(1249)

[em®

¢~ 2(5800)(0.5)
Kg = 0.0215 [em®]
K, = (0.0215)(1.25)= 0.0268 [cm’]

[em’]

See Design Engineering Note No. 19.

Step No. 8 Select from Table 4. an EFD core comparable in core geometry Kg.

Core number
Manufacturer
Magnetic material
Magnetic path length
Window height
Core weight
Copper weight

Mean length turn
iron area

Window area
Area product

Core geometry

Surface area
Millihenrys per 1000 turns

Step No. 9 Calculate the secondary load power, 1'..

PO =1,(v,-tv,) [watts]
PO = (1.5) (28-t 1) [watts]
P =435 [watts]

1273

EFD-30

Philips Comp.
3C85, 1 = 1800
MPL = 6.81 cm
G=224cm

Witf = 24.0 grams
Wicu = 16.96 grams
MLT =5.46 cm
Ac=0.690 cm’
W, = 0.874 cm?
A, = 0.603 cm?

Kg = 0.0.305 cm’
At=28.9 cm?

rnh = 1900



Step No. 10 Calculate the current density J using a window utilization, K, = 0.32.

J - o [amps / om]

(124.6)x10°
(4.0)(0.32)(0.1)(50000)(0.603) ‘amps * ™

] =323 [amps/ cm’]

]

Step No. 11 Calculate the input current, lin(max) at 0.75 of Vin(min)-

P,

i 0.75V, 1 (amps]

1, = 43.5 [amps]
' (0.75)(24)(0.97)

1, = 2.49 [amps]

See Engineering Design Note No.26 and 29,

Step No. 12 Calculate the transistor voltage drop, Vq at lin(max).

® Voo

- in(max)RQ [VOltS]
V, = (2. 49)(0.1) [volts]
Vo= 0.249 [volts]

Step No. 13 Calculate the t ransformer center tap voltage, Vct.
V=V, (0.75) -V, [volts]

V, = 24(0.75) -0.249 [volts]
V., = 17.7 [volts]

Step No. 14 Calculate the transformer turns ratio, Np/Nsg

NP V!
n:———:———f‘-—

N, (V,+V,)

N, 17.7
Hn-—— == —

N, (28+1.0)

N,
n=—L=0.61

N,
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Step No. 15 Calculate the primary turns, Np.

B V,JX104
P KB,fA,
N - (17.7)X10

7" (4.0)(0.1)(50000)(0.690) " "™ s
N, =128 use N, =1 3 [turng]

[turns]

See Engineering Design Note No. 2.

Step No. 16 Calculate the primary rms current Irms.

Ip(rnu:) = ]pk '\/I‘Sl:;: [amps]
Ip(rms) = 249'\/_6V5' [an}})S]
]p(rmc) = ]76 [an“pS]

See Engineering Design Note No. 21.

Step No. 17 Calculate the primary wire area, A , .

1
Aw}l = ,](r"fﬂ [Cm’]
J
1.76 2
=—7 |[em
w= 33 [em?]

A,, = 0.00545 [em’]

Step No. 18 Calculate the skin depth, y. The skin depth will be the radius of the wire.

y=22 [om]
\/7

y=- 662; [cm]
50x10°

y = 0.0296 [cm]

See Engineering Design Note No. 1.

Step No. 19 Calculate the wire area.

wire ,

a(y) [em']
(3.14)(0.0296)2 [cm’]
wire,, = 0.00275 [cm?]

wire ,
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s

. Step No. 2(1 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size,

AWG=#23
A, m= 0.00259 [em?]
HE2 [ cm = 666
A, = 0.00314 [cm*] with insulation

Step No. 21 Calculate the required number of primary strands, Snp. and the new pQ/cm.

1
Awp

np =

wire, #23

_ (0.00545)
“"°(0.00259)
s,, = 2.1 use 2
1/ cn_ 666
S 2

np

(new)u2 7 cm = = 333

See Engineering Design Note No. 2.

Step No. 22 Calculate the primary winding resistance, Rp.

i} HQ -
R, = MLI (N,,)( — )x]O ® [ohms]
R, =5.46 (13)(333)x10-G [ohms]
R, =0, 0236 [ohms]

Step No. 23 Calculate the primary copper loss, I',.

D ]2
] Ip(rmc)

P, = (149)'(.0236) [watts]
P,= 0.0524 [watts]

R [watts]

Step No. 24 Calculate the secondary turns, Ns, each side of center tap.

N, (Vo + Vol . @
N, = (Vo d)(]-k i )[turns]
) v 100

,}

13(28 +1 0.5
.= (28+1) 1,02 [turns]
177 (100,

N, = 21.4 use 22 [turng|

’ See Engineering Design Note No. 2.
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Step No. 25 Calculate the secondary rms current, Irms.

]s(rms) = ka '\ﬁ)max [ampS]
Lyoms) = 1.54/0.5 [amps]
1 = 1.06 [amps]

s(rms)

See Engineering Design Note No. 21.

Step No. 26 Calculate the secondary wire area, Ayws.

]
A = s(]nns) [Cm; ]

1.06

"33
A,. = 0.00328 [cm?]

[em?]

Step No. 27 Calculate the required number of strands, Syg01, and the pu2/em.

Sns = Aws = (000328) =1.27 use 1
#23 (0.00259)

(new)u2 / cm = : IQQ/ o 6?6 = 666

~ns

See Engineering Design Note No. 2.

Step No. 28 Calculate the secondary winding resistance, Rg.

R,= MI,T(NS)(i‘-@)x]o'“ [ohms]
cm

R, = 5.46( 22)(666)x10-b [ohmg]
R, = 0.08 [ohmsg]

Step No. 29 Calculate the secondary copper loss, 1’s.

P=1%,,,R [wats]

P = (15)'(.08) [watts]
P, = 0.180 [watts]
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. Step No. 30 Calculate the window utilization, Ku.

[turns] = 2(N,S,,) = 2(26) = 52 [primary]

[turns] =2(N,S,.) = 2(22) = 44 [secondary]
N,,; =96 turns, #23

K, = Ny»nA4,
W,
_ (96)(0.00259)
T (0.874)
K, =0, 284

Step No. 31 Calculate the total copper loss, I',..

P, =P, +P [watts]
= (0. 0524)+ (O. 180) [waitts]
P, = 0232 [watts]

Step No. 32 Calculate the regulation a for this design.

Step No. 33 Calculate the flux density, Bpy,.

Vv, x10*
B, = —— [tesla]
K AN,
(17. 7% 104

B = {4.0)(50000)(0.690)(13) L€l

B,, = 0.098 [tesla]
Step No. 34 Calculate the watts per kilogram, WK, using P material Figure 4.1.

(2.747)

WK = 3.18x10” (f)"*"(B,.)

WK =3.18x10 (50000 )**?(0.098)* ™" [watts / kilogram]
WK = 6.69 [watts/ kilogram]

[watts/ kilogram]
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Step No. 35 Calculate the core loss, P¢e

P, = (Wlnllllwatts Jw,ﬂ,x] 07 [watts]
gram

P, = (6.69)(24)x1 0™ [watts]
P, = 0,161 [watts]

Step No. 36 Calculate the total loss, core ¢, and copper, I’ ,in watts ry

I))_; = I)ff '*’ I)('ll [WattS]

P, = (0.161)+- (0.232) [watts]
P, = 0,393 [watts]

Step No. 37 Calculate the watt density, A.

—

)

—x  [watts /cm’]
A,
0.

A

"

w

93

—=== [watts / cm’]
28.9

A = 0.0136 [watts' cm']

Step No. 38 Calculate the temperature rise in degrees C.

7. =450(1)"% [degrees C]

T, = 450(0.0136 )*®? [degrees C]
T, = 12.9 [degrees C]
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Design Summary

Core Part Number
Magnetic Material
Frequency

Flux Density

Core LosS

Permeability

Mill ihenriys per 1 K Turns
Window Utilization Ku

Winding Number

AWG
Strands

Total Turns
Taps
Resistance Q
Copper Loss

EFD-30

Philips 3C85

50kHz

0.0987

0.161 w

18(K

190(1

0.284

1 2

23 23

2 1

26 44
Center Center
0.0236 0.080
0.0524 W 0.180 w
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307
. Weinberg Input Inductor Design
using a MPP Powder Core

VO
bt O+
CR2
]O
s I >
T
C2 R]% l
CR3 :
N_.
-0 - O -

Figure 3.7 Weinberg current-fed converter.

' Weinberg Converter Input Inductor Design Specification
Lo INPUE VORAEE o, Vmin = 22 volts
2. INPUL VOITAGE oo Vinom = 28 volts
3. INPUL VOIAGE .o Vmax = 35 Volts
4. Output VOIAGE ..o Y28 volts
5. Output CUITENT oo Io(max) = 1.5 amps
6. OULPUL CUITENT oo Io(min) =15 :mp °
T PRIMArY TUIMNS oo N1-2=13
8. Secondary TUIMS ... N3.4 =22
9. Working window utilization ... Ku=0.2
10.  Final window utilization ... Ky=0.4
L1, FFEOUEBNCY oottt f=100 kHz
12.  Converter efficiency n=%%
13. Regulation PP S 1 U3
14, Operating flux density ..o Bm = 0.25 tesla
15, MaximuminOUE CUITENE . . ...t I{max) = 2.68 amps

This design example operates in conjunction with design example 306.

This design procedure will work equally well with all of the various powder cores. Care must
be taken regarding maximum flux density with different materials.
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Step No. 1 Calculate the total period, T.

T = —]f— [seconds]

J

1

T=
100000
T = 10 [usec]

[seconds]

Step No. 2 This fed inductor will have the same turns ratio as the transformer in design
example 306.

N Ny
N34 N,
Mo L1359
Noo 22

Step No. 3 Calculate the minimum duty ratio, Pmin-

po o VetVa) Ny
“min N

in(max) s

D -[28+ 10).13
T min 35 22)

D_.. =0.490
Step No. 4 Calculate the minimum transistor on time, ton(min)-

oy = 1D [rsec]
ton(min) = (10)(049) [,USQC]

fon(min) = 49 [,“SQC]

min

Step No. 5 Calculate the minimum inductance, 1.1-2.

(v + v)1-D YN~
L1-2 — ( 4 d)( : j- 1=2 [henryS]
2:I'o(min) KEX:™
- 1028+10)051) 13
2(0.15) (22 )

L,, = 172 [uh]
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Step No. 6 Calculate the primary inductance L of the transformer, T1.

L, = LixoN 2X1 07 [millihenrys)
1,000 = millihenrys per 1000 turns
., = (1900)(13)2 x| 07 [millihenrys]
0.321 [millihenrys]

bl St
nou

"
Step No. 7 Calculate the peak current, Ipk. in winding 1-2 of 1.1.

. ~(V,+V
]:k =] N3-4 + l vm(max) ( ? d)(Nl'z ]+ '&(N]J ) ton(min) [amps]
P o(max) ]\]1-2 2 I_l1 ) ]\]3__4 L N3_4

- P

22 1 35—(28+].0)(13) 28 (13)} %
=\t e e | e | 5 | 14-9%10
. ((1 5)13)+2{ 172x10° (22 321x10°\22 @mps]

1, =2,72 [amps]

Step No. 8 Calculate the energy-handling capability in watt-seconds, w-s.

2

LI2
ENG = —24" [w-s]

(172x10°)(2.72)’

2
ENG = 0.000636 [w -s]

ENG=

[w -s]

Step No. 9 Calculate the electrical conditions, K..

Py ln2 107
K,=0.145 —n« B2x10

K, = (0.145) %% '95)0.25 )2X10-4
K, =0. 0000438

Step No. 10 Calculate the core geometry, Kg' Kg will be increased by a factor of 2 to account for the
two windings on the inductor L1.

" 2
= 2(ENERGY) [em®]
K o

e

_(0.000636)’
$(0.0000438)(1.0) “™

K, = 0.0185 [cm]

See Engineering Design Note No. 27.
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Step No. 11 Select from Table 6.1a MPP powder core comparable in core geometry Kg

Core number MTI-55059
Manufacturer Magnetics Inc.
Magnetic path length MI'L = 5.67 cm
Core weight Wtfe = 16 grams
Copper weight Wicu = 15.4 grams
Mean length turn MLT= 3.05 cm
Iron area Ac=0328cm’
Window Area W,=1.423 cm’
Area Product A,=().4674 cm’
Core geometry Kg= 0.02015 cm’
Surface area ----- At=27.5crn’
Core Permeability mu =60
Millihenrys per 1000 turns mh =43

Step No. 12 Calculate the number of primary turns, Ni 1.

T
N,,= 10 ﬁi[o ) Tturns]

_ N7
N,_, = 100({/ 3 [turng]

AN

N, , =63 [turns]

Step No. 13 Calculate the current density, J, using a window utilization Ku =0.2.

. 2(ENG)x10*
] M [arnps / Cm’]
BmApKu
| _20. 000636104

~ (0.25)(0.467)(0.20) ‘amps * ™
] = 545 [amps/ cm’]
See Engineering Design Note No. 27.

Step No. 14 Calculate the required incremental permeability, Ap.
A= (B,L,)(MPL)xlO"_
N 0.4m(W,)UNK,)

(.25)(5.67)x10*
(1.256)(1.423)(545)(0.2)

A= 72.7 use 60

A=

See Engineering Design Note No.8and 18.
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Step No. 15 Calculate the peak flux density. By,.

. =0.4”(Np (1,5 J(Au)x10™* fteslal

MPL
2 3)( 2. -
B,,,zl 56 (63)(2.72)( 60)x10 (tesla]
(5.67)

B, = 0.228 [tesla}]

Step No. 16 Calculate the primary wire area, pr(B)'using input current, Ip(max): This current
comes from design example 306.

1
(max)
Aoty ~— ]

2.68 2
pr(H) 575 [Cm ]

A = 0.00492 [cm’]

cm’ ]

pu(B)
See Engineering Design Note No. 26 and 29.

Step No. 17 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area then goto the next smallest size.

A WG =# 20
A, = 0.00519 [cm’]
H2 / cm =332

See Engineering Design Note No. 11.

Step No. 18 Calculate the primary winding resistance, Rp.

R, = MLT(N,,)(E—Q)XIO'(’ [ohms]
cm
R

, = (3.05) (63)(332)x10-" [ohms]
R, =0, 0638 [ohmsg]

,)

Step No. 19 Calculate the primary copper loss, I,.

_ 12
P,=1'R, [watts]
P,= (2,68)°(.0638) [watts]

P, =0. 458 [watts]
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. Step No, 20 Calculate the secondary turns, NL2

N34 - NN, [turns]
P

N1_4 B (6’%)(22) [turns]
; 13

N, , = 107 [turng]

Step No. 21 Calculate the maximum secondary rms current, Isrms.

c(rms ka (] e [)min ) [ampS]

Limgy = 1. SJ(T ~ 0. 49) [amps]
1 =1.07 [amps]

s(rms)

Step No. 22 Calculate the inductor secondary wire area, Asw(B):

s(rms)

Asw) - i [Cm ]

1.07 :
w® Ty lom]
545

. A,, = 0.00196 [cm’]

Step No. 23 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG=# 24
A, = 0.002047 [cm?]
1/ cm =842

Step No. 24 Calculate the inductor secondary winding resistance, Rg.

R,= MLT(N, Q\ x107¢ [ohms]

R, =3.05(107 )(84 x10-G [ohmsg]
R, =0, 275 [ohmg]

s

Step No. 25 Calculate the inductor secondary copper loss, Pg.

.pS:]?

(rms)" s

P, = (1.07)°(.275) [watts]

‘ P, = 0315 [waits]
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Step No. 26 Calculate the inductor max. primary rms current, lprms, at minimum duty ratio, Dpjn.

]p(rms) = II*\[D"““ [ampS]
| =2.68v0.49 [amps]
L(ms) =1.88 [amps]

p(rms)

Step No. 27 Calculate the inductor primary copper loss, T’,, at minimum duty ratio, Dmin.

2
P, =1 4R, [watts]

>, = (1.88)°(.0638) [watts]
P, = 0.225 [watts]

Step No. 28 Calculate the window utilization, Ky,.

w! = NAw [sz]
N, A

wip wp [sz]

wp = (63)(0.00519) = 0.327 [cm*]
we = NLA _ [em?]

s ws

(107)(0.00205)= 0.219 [cm’]
A, A

wip’ *wis

= TW

(0.327) + (0.219)
(1.423)

K,=0.384

wls

N > X > > >

u

Step No. 29 Calculate the total copper loss, Pcu-

P =P, + P, [watts]
P, =(0,225)+- (0.315) [watts]
P, = 0540 [watts]
Step No. 30 Calculate the regulation, a, for this design.

])fl( [¢)
a :‘}3“ X|OO [/O]

4

_ (0.540)

(48.3)
‘ a =112 [%]
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Step No. 31 Calculate the peak magnetizing force in oersteds, H.

(0.47)N 1

p_pk
MPL
1 - (0-47)(63)(2.68)

5.67
H = 37.4 [oersteds]

H = [oersteds)

[oersteds]

Step No. 32 Calculate the primary delta current, Al, at  Vin(max).

Al = [amps]

Tvin(max) (] - Dmin)
I

_(10X10-)(35)(1 - 049)

Al
172x10° [amps]
Al = 1.04 [amps]
Step No. 33 Calculate the, Bat, flux density tesla.
0.47(N,_, J(AI)Aux107
B — 1-2
ac MPL [tes]a]
04)(60
B = 9.256)(63_)%67)( X10™.  [tesla]

B,. = 0.0871 [tesla])

Step No. 34 Calculate the watts per kilogram, WK.

REON: N @4
WK =0.00391(f)" > [watts / kilogram]

WK = 0.00391(50000 )"** (0.0435)*" [watts/ kilogram]
WK = 4.94 [watts/kilogram] or [milliwatts /gram]

Step No. 35 Calculate the core loss, ge.

P, = ‘Eﬁwmx] 0° [watts]

P, )(16)x10-a [watts]
0.079 [watts]

P,
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Step No. 36 Calculate the total loss core ,I’ts, and copper Pgy,.

Py =P, + P, [watts]
Py = (0,079)+ (0.540) [watts]
Py = 0.619 [watts]

Step No, 37 Calculate the watt density, A.

PL’ 2
== —/—r [watts/ cm®]

Az—o—@ [watts/ cm’]
27.5

A= 0.0225 [watts cm?]
Step No. 38 Calculate the temperature rise in degrees C.

T, = 450(24 )(0'826) [degrees C]

T = 450(0.0225)(0'826) [degrees
T, = 19.6 [degrees C]

Design Summary

Core Part Number MP-55059

Magnetic Material MPP powder core
Frequency 100kHz

Flux Density 0.228 T

Core Loss 0.079 w
Permeability 60

Millihenrys per 1K Turns 43

Window Utilization Ku 0.384

Winding Number 1 2
AWG 20 24
Strands 1 l
Total Turns 63 107
Resistance 0.0638 0.274
Copper Loss 0225w 0.315 w
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308
Single Ended Short Circuit Mag-Amp Design
using a Square Permalloy 80 Core

T1
]in —
4 o
L 1, —>
fYTY O+
V; 1
in = CRr4 + [
x T~ 2| VY
C2 | R15
- o _0_
Figure 3.8 Single ended forward converter with mag-amp.
Single Ended Forward Converter
Mag-Amp Design Output Specification
Secondary VOItage MaX ... ‘s(max) 18 volts
OULPUL VOITAGE v e Vo =5 volts
OUutpuUt CUMTENT ..o lo=5amps
VBTN e Ow=20%
FrEQUENCY ..o f=.50kHz
Maximum dULY ratio ...............cccocooiiiiiiii e Dmax = 0.45
Operating fIUX density . . . ..o By, =04 tesla
Window ULIZAtioN . ... Ky =02
Current density ... J = 300 amps/em2
CONETOl o Short circuit
Magnetic material.................occo Permalloy 80
o VOITAGE * i o0 ¢
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Step No. 1 Calculate the total period, T.

T= 1 [seconds]
f

T= 1 [seconds]
50000

T =20 [usec]

Step No. 2 Calculate the maximum transistor on time, ton.

tun = 'TDmax UlSC’C.]
t,, =(20x10-G )(0.45) [usec.]
f,, = 9.0 [usec.]

Step No. 3 Calculate the required core volt-seconds, A.

A= Vs(max)ton(max
A'= (18)(9) [Vusec]
A’= 162 [Vusec)

) [Vusec]

Step No. 4 Calculate the mag-amp control and clamp voltage, V.

V.= —/:— [volts]
vczlg—(’~ [Volts]

V. =20 [volts]
Step No. 5 Calculate the gate volt-second capability with overwind, C),.

A=A O,[Vusec]
A = (162)(1.2) [Vusec]
A = 192 [Vusec]

Step No. 6 Calculate the rms gate current, lgrms. This is assuming the ripple current Al is
small.

lgrms = ID '\/»I)ma;( [amps]
Lerms = (5.0){0.45 [amps]
1,,.= 3.35 [amps]

grms

See Engineering Design Note No. 16.
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Step No. 7 Calculate gate wire area, Aw(B).

1gnns ,
App = —5— [em’]

]
0 3.35

w(¥) 30
A = 0.0112 [cm’]

[cm’]

Step No. 8 Calculate the required core area product, Ap.

_ AA x10° ,
T
- (192x10°)(0.0112)x104

P 2(0. 4)(0. 2)

A, =0.134 [cm']

[em?*)

Step No. 9 Select from Table 7.4 a mag-amp core comparable in area product Ap.

Core number-

50B10-1D

Manufacturer

Magnetic material---==--comemmoee L

Magnetics Inc.

-------- Sq. Permalloy 80

Magnetic path length

MPL = 6.18 cm

Core weight

Witfe = 3.57 grams

Copper weight

Wt = 16.88 grams

Mean length turn

Jron area-----=-=mmmmmmmmmmmmmmmm oo

MLT = 2.78 cm
Ac = 00756 cm2

Window Area

Wa = 1.705 cm?2

Area Product---

A,=0.129 cm4

Core geometry

Surface area-------===""mmmsmmmmmmommssmmmmooooseemmeoooooooooe-

Step No. 10 Calculate the number of gate turns, Ng.

N = Ax10

& 2AB

cm

(192x10)x10*

[turng]

Kg= 0.00140 cm®

"""" At=28.4cm’

7(2)(0.0756)(0.4) ‘“ng

N, = 31.7=32 [turns]
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Step No. 11 Calculate the skin depth, ¥. The skin depth will be the radius of the wire.

y=222 [om]
W
6.62

Y= Tsoxior leml

¥ = 0.0296 [cm]
See Engineering Design Note No. 1.
Step No. 12 Calculate the wire area.
wire, = n(y)’ [em?]
wire, = (3.14)(0.0296)°[cm’]
wire, = 0.00275 [cm’})

Step No. 13 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG=#23

Ay = 0.00259 [em’]

U2 7 cm = 666

A,y = 0.00314 [em?] with insulation

Step No. 14 Calculate the required number of gate strands, Sg, and the new pQ/cm.

A

S = —u
£ wire,
¢ _ (0.0112)
$(0.00259)

Sg =432 use 4

HSY/ cm 666
S 4

(new)u / cm = =167

v'g
Step No. 15 Calculate the gate winding resistance, Rg.

R, = MLT(N,)($)x10" [d-u-m]

R, = (2.78)(32)(167)x10-G [ohms]
R, = 0.0149 [ohms]
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Step No. 16 Calculate the gate copper 10SS, Pg.

— 72
v, = LR, [watts]
P, = (33.5)°(.0149) [watts]
P, = 0.167 [watts]

Step No. 17 Calculate the window utilization, Ku.

K = NeowSe
y W,
_ (32)(0.00259)(4)
" (1.705)
KU =0.194

Step No.18 Calculate the watts per kilogram, WK.

WK =774x107 (/)7 (B, )" [watts / kilogram]

WK = (774x107)(50000)*(0.4)"® [watts/ kilogram]
WK = 166 [watts/ kilogram] or [milliwatts / gram]

Step No. 19 Calculate the core loss, Ife .

Pﬂ, _ (mllhwatts ]WIJPX] 0
' gram watts]

P, =(166 )(3.57)x10-S [watts]
P, = 0593 [wats]

Step No. 20 Calculate the total loss, core Pg, and copper I'c,, in watts Py..

Py =P, + P, [watts]
> = (0,593)+ (0.167) [watts]
P, = 0.760 [waits]
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Step No. 21 Calculate the watt density, A.

A= %2— [watts/ cm’]

A:E—GE [watts/ cm’]
28.4

A = 0.0268 [watts/ cm’]

Step No. 22 Calculate the temperature rise in degrees C.

T, =450( )™ [degrees C]
T, =450(0.0268 > [degrees C]
T,= 22,6 [degrees C]

Step No.23 Calculate the magnetizing force in cersteds, H..

K

Ho o=
0.0166B, f

(_166)

2.2

H = - [oersteds
¢ 0.0166(0.4)(50000) [ ]
H, = 0.227 [oersteds]

[oersteds])

Step No. 24 Calculate the control or magnetizing current, le.

JHMPL
*'"1. 256N, P

| = (0.227)(6.18) [amps]

" 1.256(32)
1, = 0.0349 [amps]
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Design Summ

Core Part Number 50B10-1D
Magnetic Material Sq. Permalloy 80
Frequency 50kHz
Flux Density 04T

Core L0sS 0.593 w
Window Utilization Ku 0.194
Winding Number 1

AWG 23
Strands 4

Total Turns 32
Resistance Q 0.0149
Copper Loss 0.167W
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309
Single Ended Regulation only Mag-Amp Design
using aMetglas Core

T1

]m —

Figure 3.9 Single ended forward converter with mag-amp.

Single Ended Forward Converter
Mag-Amp Design Output Specification

SLCONDANY VOIAZE MAX ... ... Vs(max) = 18 volts
Output VOIAZe ..o : \/g = 5volts
OULPUL CUMTENT i 1=5amps

O RIWING . . Ow=20%
FrEOUEICY oo, f= .50 kHz
Maximum dUty 1atio ..........c.c..cocvoivvmnsceeveeeeeieeeeieenn. Pmax = 0.45
Operating fUX JENSIEY . ... ..o By, = 0.5 tesla
WIndow UEIZAEION . . ..o Ku=0.2
CUITENt dENSILY ..o, J =300 amps/cm2
CONMIOL .. PP UP RO Regulation only
MagNEtic MAterial. . ... ... o Metglas 2714A
Diode voltage drop ..o Vd = 1.0volt
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Step No. 1 Calculate the total period, T.

T = l [seconds]
f

T= L [seconds]
50000

T =20 [usec]
Step No. 2 Calculate the maximum transistor on time, ton.

f, = TD ,, [Hsec.]
t,,=(20x10 )(0.45) [usec.]
t, =9.0 [usec.]

Step No. 3 Calculate the required pulse width, tpw.

T

b = (Vo + vd)- [usec.]

20
hy =+ 1) 72 [IF Sec]

t, =6.66 [//sec. ]

Step No. 4 Calculate the required core volt-seconds, A.

A= Vs(max)(ton - tpw)[VLlSCC]
A= 18(9 - 6.66) [Visec]
A’'= 42.1 [Vpusec]

Step No. 5 Calculate the mag-amp control and clamp voltage, V..

T 20
f=—=-—= 10 [usec
5=5 [1sec]

v :AT [volts]

C

V.= 21 [volts]
10

V.= 4.21 [volts]

150



Step No. 6 Calculate the volt-second with an overwind, O,

A = A'O, [Vusec]
A = (42.1)(1.2) [Vusec]
A = 50.5 [Vusec]

Step No. 7 Calculate the rms gate current, Iprms.

1. =(5.010.45 [amps]

gY"lS

I,.=3, 35 [amps]

gl'"ls

Sce Engineering Design Note No. 16.
Step No. 8 Calculate the gate wire area, Aw(B).

Igrms )
A 5 [em’]

]
3.35
Awe) 300
Ay = 0.0112 [cm’]

[cm’]

Step No. 9 Calculate the required core area product, A

AA, 5x10*
Ay=—p—— [em]
’ 2BIHKU
50.5 x107)(0.0112)x10 *
Alﬁ-( SAOID 1om)
2(0.5)(0,2)

A, =0.0283 [cm’]

Step No.10 Select from Table 7.4a mag-amp core comparable in area product Ap.

Core nUMber === T T T e 50B11-1E
Manufacturer Magnetics Inc.
Magnetic material Metglas
Magnetic path length MPL = 4.49 cm
Core weight Wif = 0.86 grams
Copper weight Wtc = 7.41 grams
Mean length turn MLT =223 cm
Iron area Ac=0.0252 cm’
Window Area Wa = 0.937 cm’
Area Product A,=0.0354 cmd
Core geometry Kg= 0.000241 cm®
Surface area At=16.0 cm’
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Step No. 11 Calculate the number of gate turns, Ng.

_ Ax10'
(50.5X10-")X104
7 (2)(0.0252)(0.5)
N, = 20.0 [turns]

[turns]

Step No. 12 Calculate the skin depth, y, The skin depth will be the radius of the wire.

y= 6'62[Cm]
f
6.62

———2— [cm]
50x10
y = 0.0296 [cm]

See Engineering Design Note No. 1,

Step No. 13 Calculate the wire area.

wire, = n(y)’ [em?]
wire, =(3.14)(0.0296) *[cm’]
wire, = 0.00275 [cm’]

Step No. 14 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG=#23

A, = 0.00259 [cm?]

1 [ cm = 666

A,y = 0.00314 [ecm?®] with insulation

Step No.15 Calculate the required number of gate strands, Sg and the new pQ2/cm.

g =P

5 wire,
(0.0112)

7$(0.00259)

= 432 use 4

HQ/ecm 666

s, 4

(new)2 / cm = =167
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‘ Step No. 16 Calculate the gate winding resistance, Rg.

R, = MLT(Ng)(/lQ)XIO “ [ohms]
cm

R, = (2,23 )(20)(167)x10-" [ohms)
R, =0. 00745 [ohms]

Step No. 17 Calculate the gate copper loss, T’

— 72
= IR, [watts]

P, = (3.35)°(.00745) [watts]
P, = 0.0836 [watts]

Step No. 18 Calculate the window utilization, Ku.

NA

K = g "B) 8
u Wn

« (20)(0. 00259)(4)

u

(0.937)
’ K,=0.221

See Engineering Design Note No. 15.

Step No. 19 Calculate the watts per kilogram, WK.

WK = 10IxI 07(f)"*(B,, )™ *" [watts / kilogram]

= (101x107)(50000 )"*(0.5)"" [watts/ kilogram]
WK = 61 [watts/ kilogram] or [milliwatts/ gram]

Step No. 20 Calculate the core loss.Tfe .

I.)

_ (milliwatts
fe

-3
—— X
gran] )WW ]0 watts]

P, =(61)( 0.86)x10-3 [waits]
P, = 00525 [waits]
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Step No, 21 Calculate the total loss, core Pf,and copper P, in watts Py.

Py =P, + P, [watts]

-
Py = (0.0525)+(0.0836) [watts]
Py = 0,136 [watts]
Step No. 22 Calculate the watt density, A.
Py 2
A = =% [watts/ cm?]
0.136
= ——— [watts/ cm’
ol ]
A = 0.008 [watts cm’]
Step No. 23 Calculate the temperature rise in degrees C.
T, = 450(2 )™ ™’ [degrees C]
T, = 450(0.008 )™ *’[degrees C]
T, = 8.34 [degrees C]
- Step No. 24 Calculate the magnetizing force in oersteds, He.
(WK,)
2.2
] = ——=2— |oersteds
© 0.0191B,f [ ]
H, = : [oersteds]
0.0191(0.5)(50000)
H, = 0.0581 [oersteds]
Step No. 25 Calculate the control or magnetizing current, 1.
_ H.MPL [amps]
“ 1256N, O°
_ (0.0581)(4.49) [amps]
" 1.256(20) )
1,, = 0.0104 [amps]
-
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Design Summary

Core Part Number
Magnetic Material
Frequency

Flux Density

Core Loss

Window Utilization Ku

50B11-1E
Metglas
50kHz
05T
0.0525 W
0.221

Winding Number

AWG
Strands
Total Turns

Resistance Q

Copper Loss

16
0.00745
0.0836W
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310
Push Pull Converter Mag-Amp Regulation only Design
using aMetglas Alloy 2714A Core

VS
T1 CR1
—
—
1 4 MAI1
01 . o & CR2
ca  Np % g N L] \
o 2B v A S
'-r—%I———- -— b— c O — —O +
N CRS
N
Q2 P % g 5 CR3 N H_ v
3 6] MA2 T /T\ o
/—"rm 4 ,,,” C2 | Ri1
4 ’ CR4
I o-
0‘___>S n
Vin
Figure 3.10 Push-pull converter with mag-amp.
Push Pull Converter
Mag-Amp Output Design Specification
Secondary voltage maX ... Vg(max) = 14 volts
OULPUL VOITAGE .o Vo =5 volts
OULPUL CUITENT ..o, loo: 2 amps
OVBIWING .. Ow=20%
FLEAUENCY oottt f=50kHz
MaXIMUM AULY TR0 . ..o e e Dimax=0.45
Operating flUX deNSIty ..o J3,= 0.5 tesla
WIndow UBHIZALION . .. ..o KU=0.2
Current density ..........cooiiimmm 4., 3= 300 amps/cm?
B0l e Regulation only
Magnetic material. ... Metglas 2714A
Diode VOoltage drop ......ccooviiiiiiiiiiie e Vd =Myolt
.O
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Step No. 1 Calculate the total period, T and T/2.

T == [seconds]

1
f

T= 1 20 {usec]
50000 )

1
f = — =10 [usec]
2
Step NoO. 2 Calculate the maximum transistor on time, ton.

ton = T‘I)max [:usec' ]
t, = (20x10 ©)(0. 45) [usec.]
t,, =9. O [usec. ]

Step No. 3 Calculate the required pulse width, tpw.

t
b= (Vo + Va)y = lusec)
max

10
f = 1)— [lsec.
ow = (54 )14 [1sec.]

. t,., =4.28 @cc.]

Step No. 4 Calculate the required core volt-seconds, A.

A'= Vmax(ton - tpzu ) [VHSQC]
A'= 14(9 - 4.28) [Vpsec]
A’= 60 [Vusec]

Step No. 5 Calculate the mag-amp control and clamp voltage, Ve.

A
V.= s [volts]
V. =-[volts]
V.= 6 [voltg]
Step No. 6 Calculate the volt-second with an overwind, C),.

A=A’ O,[Vusec]
A = (60)(1.2) [Vusec]

‘ A =72 [Vusec]
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Step No. 7 Calculate the rms gate current, lgrms.

Lone = 1oADy. [amps]
Lo = (2.0){0.45 [amps]
l...= 1.34 [amps]

grms

See Engineering Design Note No. 16.

Step No. 8 Calculate the gate wire area, Aw(B).

] TS H
Aw(B) ) g] - [Cm]

1.34 ,
Awr) 300 [cm’]

A = 0.00447 [cm’]

Step No. 9 Calculate the required core area product, A,

4
_ AA, Xx10 [em?]
" 2B,
72x10° )(0. 00447)x1 0*
2(0, 5)(0, 2)

A,=0.0161 [cm?]

Step No. 10 Select from Table 7.4 a mag-amp core comparable in area product Ap.

Core number

Manufacturer

Magnetic material

Magnetic path length

Core weight

Copper weight -

Mean length turn

ITON area ~r-=mr=mmmmmmeeecceemce e e

Window Area

Area Product

Core geometry

Surface area ------=-=====-sececomeoeeee e

159

50B11-1E

Magnetics Inc.
Metglas Alloy 2714A
MPL =3.49 cm

Wtfe = 1.01 grams
Wt,, = 3.33 grams

MLT = 1.92 cm
Ac=0.0378 ecm?
Wa = 0471 cm’

A, =0.0178 cm?
Kg= 0.000137 cm5
At= 10.4 crn’



. Step No. 11 Calculate the number of gate turns, Ng.

N = A x10*
° 2AB

_ (72x10)x10°
¢ (2)(0.0378)(0.5)
N, =19 [turns]

[turns]

[turns]

Step No. 12 Calculate the skin depth, y. The skin depth will be the radius of the wire.

Y - = [cm]
y= 0.0296 [cm]
See Engineering Design Note No. 1.

Step No. 13 Calculate the wire area.

’ wire, = n(y) [em?]
wire, = (3.14)(0,0296)" [cm’]
wire, = 0.00275 [cm?)

Step No. 14 Select a wire size with the required area from the wire Table 6.1. If the areais not
within 10% of the required area, then goto the next smallest size.

AWG =#23
Aw(B) = 0.00259 [cm?]
U2/ cm= 666

A,y = 0.00314 [cm’] with insulation

Step No. 15 Calculate the required number of gate strands, Se/ and the new p€2/cm.

A

g, =
.~ g 3
wire,,

00447

S — @. )= 1.73 use 2
°(0.00259)

(new)u | cm= NQg/ e _ 626

® 8

160
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Step No.16 Calculate the gate winding resistance, Rg.

R,=MLT(N, )(@)xlo'(’ [ohms]
cm

R,= (1,92)(19)(333)x1 0 [ohms]
R, =0,0121 [ohms]

Step No. 17 Calculate the gate copper loss, Pg.

]2
P, =1LR, [watts]
P, = (1.34)°(,0121) [watts]
P, = 0.0217 [waits]

Step No. 18 Calculate the window utilization, K.
Ku = N gA_w(R)Ssx
K _ (19) (0000259) (2)
. ‘ (0.471)
K, =0.209

See Engineering Design Note No. 15.

Step No. 19 Calculate the watts per kilogram, WK.

WK = 10ixI 07(f)"*(B, )" [watts / kilogram]
WK = (101x107)(50000 )" *(0.5)" [watts / kilogram]
WK = 61 [watts/ kilogram]

Step No. 20 Calculate the core loss, Pge .

P = milliwatts W x10°2
F gram ye

watts]

P, = (61)(1, 01)x10°[watts]
P,= 0.0616 [watts]
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' Step No. 21 Calculate the total loss, core Pg, and copper P, in watts Py.

Py=P, + P, [watts]

P, = (0,0616)+ (0,0217) [watts]
P, = 0.0833 [watts]

Step No. 22 Calculate the watt density, A.

)
A:ll [watts /cm’]
A

t

0833

10.4
A= 0.00801 [watts/ cm’]

[watts / cm’]

Step No. 23 Calculate the temperature rise in degrees C.

7, = 450( A)** [degrees C]
T, = 450(0.00801)°* [degrees C]
T, = 8.35 [degrees C]
. Step No. 25 Calculate the magnetizing force in oersteds, H..
(WK
H :—\ 2.2) [oersteds)
° 0.0191B,.f
(61)
\2.2)

. [oersteds]
*, 0.0191(0.5)(50000)

H_.= 0.0581 [oersteds]

Step No. 26 Calculate the control or magnetizing current, | ..

_ H.MPL
" 1.256N,

_(0.0581)(3.49)
1

" ioseg) LM
I,, = 0.0085 [amps]

See Engineering Design Note No. 19.

[amps]
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Design Summary

Core Part Number
Magnetic Materia
Frequency

Flux Density

Core Loss

Window Utilization Ku

Winding Number

AWC;
Strands
Total Turns
Resistance Q

Copper Loss

50B11-1E

Metglas 2714A

50kHz.
0.51
0.0616 w
0.209

0.0121
0.0217 w

163



E

ngineering Notes

164




311

Input Inductor Design using an Iron Powder Core

L1

Ly - IO —

+ O m —0 +
A J

. +
Vin i =< v,
’ cl

\ |
0 O -

Figure 3.11 Typical input filter inductor circuit

Input Inductor Design Specification

1. Input voltage MINIMUIM... i
2. Input voltage MAXIMUM ..o
3. FrequeNCY ...

4. Capacitor ripplevoltage PK-PK . . ... ..o

5. Inductor PPIE CUMENE PK-PK . . .
6. REQUIALTON ...
7. OUEPUL POWET i
8. INpUL CUMENE AL IOW e . .. ..
9. Operating fluX densSity ...
10. WiIndow UtIliZation ... ,

See Engineering Design Note No. 25.

Vmin = 20 volts
Vmax = 40 volts
f=100kHz
..... A¥ 1volt

o Blp=10ma

o= ()5 %

P, = 60 watts
..... lin =3.0amps
B, = 0.75 tesla
Ku= 0.4

This design procedure will work equally well with all of the various powder cores. Care must

be taken regarding maximum flux density with different materials.
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‘ Step No. 1 Calculate the period, T.

T = 110+ (1 sec.]
f

T= x107 [t sec.]
100000

T=10 [y sec. ]

Step No. 2 Calculate the required input inductance, L.

7
L=2Y (DD'T) [henry]
i
L= —(}1-(0.5)(0.5)(10 x10°) [henry]
L = 250 [uh]

Step No. 3 Calculate the energy-handling capability in watt-seconds, w-s.

L(L,)

Energy = s w -s]

. _ (250%x10°(3.0)’
Energy > [wes]

Energy =.00113 [w -9

2

Step NoO. 4 Calculate the electrical conditions, Ke-

K, =0.145P (B, )’x10™
K.=0.145 (60)(0.75)2X10-4
K, =4.89 x10-4

Step No. 5 Calculate the core geometry, Kg.

2
K = (Energy) [
8 K«

_ (0.00113)
£ (4.89X1 O-)(0.

K,=0.00522 ems]

cm®]

m’ ]
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Step No. 6 Select from Table 5.1an iron powder core comparable in core geometry Kg.

Core number - - - - T68-26A
Manufacturer - - Micrometals
Magnetic path length ------=-====m e MPL =4.23 cm
Core weight ~mm7mmTTTTmToToTommmmmommsmsmsosmsmsmsmsmsmsmsmsmsmoooe- Witfe = 7,41 grams
Copper weight ~777777mmmmmmmmmmmomsomsosoosossosossossosossosoososes Wt = 5.96 grams
Mean length turn ===-====mmmm e MLT =242 cm
Iron area Ac=0.250 cm?
Window Area W,=0.693 cm’
Area Product A,=0.174 emd
Core geometry Kg= 0.00719 cm’
Surface area At= 15.46 cm’
Core Permeability mu= 75
Millihenrys - per 1000 turns mh = 58

Step No. 7 Calculate the number of turns, N.

_
N = 1000 - [turns]
{ .14(1000)
N:IOOO\/Qi—Z—§ [turng]
58
N = 65.6 use 66 [turns]

Step No. 8 Calculate the current density J using a window utilization K, = 0.4,

]:—VI\:I—:I%: famps / cm’]
= (66)(3.0) [amps/cm’]
" (0.693)(0.4)

] = 714 [amps/cm’]
Step No. 9 Calculate the required permeability, Ap.

(B, )(MPL)x10*
(0.4m)(W,)(J)(K.)

(0.75 )(4.23)x104
~(1.256)(0,693)(714)(0.4)

Ap =128

At =

A

The iron powder core T68-26A has a permesability of 75. From the above eguation a core with a
permeability of about 125 would more than likely work, Using a core with a lower perm results in
more turns degrades the regulation but operates at a lower ac flux.
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Step No. 10 Calculate the required bare wire area Ay ().

Il'n '
Awny T [cm’]

3 ,
Aw(B)= 714 [cm’]

A,r=0.00420 [cm']

Step No. 11 Select a wire size with the required area from the wire Table 9.1. If the wire area is
not within 10% of the required area, then go to the next smallest size.

AWG =#21
A, = 0.004116 [cm’]
U /cm= 419

Step No. 12 Calculate the winding resistance, R.

‘ R = (MLT)( )(I x10 [ohm]

R= (2.42 )(66)(4 xlO G [ohm]
R = 0.0669 [ohm]

Step No. 13 Calculate the copper loss, I'cy-

P, = IR [watts]

P, = (3.0)(0.0669) [watts]
P_, = 0.602 [wattg]

o

Step No. 14 Calculate the magnetizing force in oersteds, H.

Miﬂ. [Ocrstedsl
MPL

_(1.256)(66)(3) [oersteds]
- 4.23
H = 58.8 [oersteds]
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Step No.15 Calculate the ac flux density in tesla, Bat.

(0.4Z)(N)($)(P)X1 O-4

B [tesla]

a MPL

p (1:256)(_66)(0.005)(75)x10-4
4.23

B,. = 0.000735 [tesla)

[tesla]

SeeEngineering design Note No. 6.

Step No. 16 Calculate the regulation, o, for this design.

])
o =Lax100 [%]
])

a=25%100 [%]
60
o = 1.00([%]
See Engineering design Note No. 28.

Step No, 17 Calculate the watts per kilogram, WK.

wk = 0.0131(f)*? (B,.)* 03) [watts/ kilogram]
WK = 0.0131 (50000)""* (0.000735)(2 03) [watts/kilogram]
WK = 0.0139 [watts/ kilogram] or [milliwatts gram]

Step No, 18 Calculate the core loss, fe .

I)._

(milliwatts
T aram

pp— )w,ﬁ,xw'3

P, =(0.0139 )(7.41)x10-S [watts]
P, =0.0001 [watts]

watts]

Step No. 19 Calculate the total loss, core Pge and copper Pcus in watts P'y.

Py =P, + P, [watts]
P, = (0.0001)+ (O. 419) [watts]
Py = 0.419 [watts]

169




Step No. 20 Calculate the watt density, A.

2= % [watts/ cm’]

A - 0419 [watts/ cm’]
14.4

A = 0.0291 [watts/ cm?]
Step No. 21 Calculate the temperature rise in degrees C.
T, = 450(4 )*®9 [degrees C]

T, = 450(0.0291 ) *’[degrees C]
T, =24.2 [degrees C]

Step No. 22 Calculate the window utilization, Ky.

K, = _N_/i’ﬂl
W,
_ (66)(0.004116)
“74(0.693)
K,= 0.392
Design Summary
Core Part Number T68-26A
Magnetic Material Iron Powder
Frequency 100kHz
Flux Density 0.75T
Core Loss 0.1 mW
Permeability 75
Millihenrys per 1K Turns 58
Window Utilization Ku 0.392
Winding Number 1
AWG 21
Strands 1
Total Turns 66
Resistance Q 0.067
Copper Loss 0.602
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Buck Inductor Design using a Cut Metglas
Material Type 2605TCA Toroid Core

L1
lin —» ___ Q1 LZ_ o —»
t o TARR! } M o+
+ +
Vin | =& SR I r = Vo
CR1 C1 CR2 C2| R1
e, O -

Figure 3.12 Buck regulator converter.

Buck Regulator Output Inductor Design specification

Metglas Material Type 2605TCA

FrEQUENCY ..o f =50 kHz
OULPUL vOIage ..o Vo = 10 volts
OULPUL  CUITENE . lo(max) -4 amps
OULPUL CUITENT ..o Io(min) = 0-5 amps
INPUL voltage MaX. ..o Vimax = 36 volts
Input voltage Min. ... Vmin = 24 volts
Duty LA O oot Dmax = 0.45
Regulation ... a=10%
OULPUL POWET .o Py = 40 watts
Operating fluxdensity ... T B =10 tesla
Window Utilization ... Ku= 0.4
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Step No. 1 Calculate the total period, T.
7= 1 [seconds]
f

T= L [seconds]
50000

T = 20 [usec]

Step No. 2 Calculate the minimum duty ratio, Pmin.

_1o
min 36

D, . = 0.277

min

Step No. 3 Calculate the required inductance, L.

L= (Vo + V)1 Duia)T [henry]
2Io(min)
L O 0.277)(20x10™)
B 2(0.5)
L = 159 [uh]

[henry]

Step No. 4 Calculate the delta current, Al.

max— min

L
. (20x10 *)(36)(0.277)(1 - 0.277)
- (159X 104)
Al= 0.907 [amps]

_TV D (]-Dmm)[

Al amps]

[amp]

Step No. 5 Calculate the peak current, Ipk-

Al
Lk = Loy + (—2—) [amps]
0.907
L, = @)+ ——
w = @+ =5 lamps
Ly = 4.453 [amps]
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Step No. 6 Calculate the energy-handling capability in Watt-seconds, w-s.

ENG = %;*- [w-s]

159X 104)(4.453)
g )(4.453)

ENG = 0.00158 [w -S]

Step No. 7 Calculate the electrical conditions, K.

2

K,=0.145P B21x10™

w -g|

K, = (0.145)( 40)(1 .0)’x10"

K, = 0.00058

Step No. 8 Calculate the core geometry, Kg.

ENERGY)’
Kg = Q [Cn'l5
K,o
(0.00158)°

]

‘g= (0.00058)(1.0) ™

K, = 0.00430 [cm’]

Step No. 9 Select from Table 8.2a Metglas tape core comparable in core geometry Kg.

COre NUMIDES ===mmmmmmmm oo AMP1810GTC
Manufacturer - Allied Signal
Magnetic path length ---------=-=--m-mmmmemmo oo MPL =4.71 cm
Core weight Witf, = 8.00 grams

Copper weight
Mean length turn -

: Wtey = 9.45 grams
----  MLT =359 cm

Iron area

Ac=0.236 cm’

Window Area
Area Product

Wa =0.741 cm’

Core geometry

A,=0.175 cm’
Kg= 0,00460 cm’

Surface area ---—--

At=23.6 cm’

Millihenrys per 1000 turns

mh =111
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. Step No. 10 Calculate the number of turns, N.

Linew)
N = 1000 [~ [turng|

(1000)

.159
N=1 —— |turns
000\/111 [ |
N = 37.8 use 38 [turng|

Step No. 11 Calculate the rms Current, Irms.

I, = \fI_Z—(m;) + AI? [amps)

I = (4.0 +(0.907)° [amps]

rms

I, .=410 [amps]

rms

Step No. 12 Calculate the current density J using a window utilization Ku = 04.

NI
amps/ cnY
]:W., K [amp ]

. ) =07a1)04) Lemps /- cm]

] = 526 [amps/ cm’]

Step No. 13 Calculate the required permeability, Ap.
A = (B.)(MPL)XlO“_
7 0.4n(W,)()(K.)

_ (1o)(4.71)x10¢
" (1.256)(0.741)(526)(0.4)
Au =241

Step No. 14 Calculate the peak flux density, B,,.

(0-47)(N)(I, J(an  )x10™*

B, = [tesla]
" MPL
-4
B, (1.256 )(38)(4.453)(241)x10 ftesla)
471
B, = 1.09 [tesla]
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. Step No. 15 Calculate the required bare wire area, Ay (p)-

Az = 0.00780 [cm’]

Step No. 16 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next’ smallest size.

AWG =#18
Aw(B) = 0.00823 [ecm?)
U em = 209

See Engineering design Note No. 11.

Step No. 17 Select a equivalent wire size with the required area from the wire Table 9.1.

AWG =# 21
. A = (2)(0.00412) [cm’]
A, = 0.00824 [cm’]

U/ cm= (%—2)

U/ cm=209

Step No. 18 Calculate the winding resistance, R.

— 7\
R — MLT(N)-‘E‘;%xlo*[oms]
R :3.59(38)(§(£)x10< [ohms]
R = 0.0285 [ohms]

Step No. 19 Calculate the copper loss, P¢y.

P, =1 R [watts]
P = (4.10)(.0285) [watts]

P, = 0.479 [watg]
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Step No. 20 Calculate the magnetizing force in oersteds, H.

(0.4 m)NI, [oersteds]
MPL

p {1:256)(38)(4.453) | . cteds]
4.71
H = 45.1 [oersteds]

Step No. 21 Calculate the ac flux density in tesla, Bat.

(o.4n)(N)(£‘-21)(Au)xlo-4

B, = [tesla]
MPL
B= (1.256)(38 )(0.453)(241)x10-4 [tesla]
471
B,, = 0,111 [tesla]
Step No. 22 Calculate the regulation, a, for this design.
o= P Xloo [%)]
P,
a=(0'479) x100 [%)
(40)
a=1.2 [%]

Step No. 23 Calculate the watts per kilogram, WK, using Metglas 2605TCA Figure 8.3.

WK = 3.608x1072 (f)"" (B, )*™ [watts/ kilogram]
WK =3.608 x1072(50000 )" *)(0. 111)(2"01) [watts/ kilogram]
WK = 87.8 [wattsd kilogram] or [milliwatts /gram]

Step No. 24 Calculate the core loss, pf..

P,

_ [ milliwatts )W,/,xl 0
gram watts]

P, =(87.8 )(8,09)x10-3 [watts]
P,=0.710 [waitts]
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. Step No. 25 Calculate the total loss, core Pg, and copper Pe,,, in watts Py.

Py=P,+ P, [watts]
Py = (0.710)+ (0.479) [watts]
P; = 1.189 [waitts]

Step No. 26 Calculate the watt density, A.

~

A=-L atts / cm'’

= A [watts/ cm’]

/’L=-————~l'] 9 [watts/ cm’]
23.6

A = 0.0504 [watts cm’]

Step No. 27 Calculate the temperature rise in degrees C.

(0.826)

7, = 450( A) [degrees C]
T, = 450(0,0504 )**’[degrees C]
7, = 38.1 [degrees C]
. Step No. 28 Calculate the window utilization, Ku,
NS,A,
W*

K = (38)(2)(0.00413)
“ (0.741)

K,=0.423

Ku=
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Design Summary

Core Part Number
Magnetic Material
Frequency

Flux Density

Core Loss

Permeability
Millihenrys per 1K Turns
Window Utilization Ku

Winding Number

AWG
Strands
Tota Turns
Resistance Q
Copper Loss

ngi Notes

AMPI1810G

Metglas 2605TCA

50kHz
1.09T
0.71w
241

21

38
0.0285
0479w
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Boost Converter Discontinuous Current
Design using an EPC Ferrite Core

L1 12
lin—> CR2 1y —»

+o__.4_W W N

r"
@ 2] R

i+
Q "
/l
OQe——0
<

Vin | =& =
CR1 C1
(o,

Figure 3,13 Discontinuous current boost converter.

Discontinuous Current Boost Converter
Inductor Design specification

INput VOItage ...........cccoiiiiiii s Vnom — 40 VOIts

INPUL VOITAgE ..o Vimin 30 volts
Input voltage ............ PP PP PP PP PP PP PP Vmax = 20 volts
OULPUL VOITAGE ... V.= 56 volts
OUEPUL  CUIMTENE .o 1=1amp
Dwell time duty ratio ... Dy, =0.1
FrEOQUEBNCY oo f=50kHz
EffiCIENCY n=90%
REQUIALION ..o oa=1%

Operating fIUX density . .. ... AB =0.25 tesla
Window utilization ... Ky =032
Diode voltage drop ..o Vda=10 vol\t\
Transistor oN resistanCe ... RQ =0.1 ohms
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‘ Step.N0. A Calculate-the minimum load resistance, Rmin (maximum load condition).

(V. +V.)lohms]
min I—o

R

R, = —1—/— [ohmsg]

R, =57 [ohms]

Step No. 7 Calculate the maximum required inductance, L.

\ 2
L< Rmin'Il)max('l é Dmax - Dw) [henl‘yS]

< (57)(20x10A)(;).430 )(0.470)2 (henrys]

L < 54. | use 54 [uh]

Step No. 8 Calculate the peak current, Ipk-

[ = 2P, camp ]
. " (V' + vd)(l—Dmax - D* 1)
I = 114
" (56+ 1.0)(0.470) «"°!
4.25 [amps]

I
Step No, 9 Calculate the rms current, lrms.

MTD,,

"1,5 = ]c,k——:;,;‘:ﬂ‘ [amps]

L, :4.25\/9559 [amps]

1,,.=1.61 [amps]|

Step No. 10 Calculate the total energy-handling capability in watt-seconds, w-s.

rr2

ENG =5~';’i [W-s]

_ (54x10)(4.25)"
- 2
ENG = 0.000488 [w -S]

| ENG

[w -]
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Step No. 11 Calculate the electrical conditions, Ke.

K,=0.145P,(AB, )" x10™
K, = (0.145)(57)(0.25)’x10™*
K, =0.0000517

Step No. 12 Calculate the core geometry, Kg.

_ (ENGY '
K, = K o [em®]
(0.000488)°
£7(0.0000517)(1.0) ‘™'
K,=0.00461 [cm]

Kg = (0.00461)(1.25)= 0.00576 [cm®)

See Engineering Design Note No. 4 and 14.

Step No. 13 Select from Table 4.9 an EPC core comparable in core geometry Kg.

Core number EPC-25B
Manufacturer-----mmr e e TDK

Magnetic material - PC30, ki = 2500
Magnetic path length MPL = 4.62 cm
Window height G=174cm

Core weight : : - Witfe = 11 grams
Copper weight Wieu = 9.15 grams
Mean length turn MLT = 455 cm
Iron area Ac=0.324 o’
Window Area —TTTTT emeeeeeeneeeee- W; = 0.565 cm’
Area Product A,=0.183 cm’
Core geometry Kg= 0.00522 cm’
Surface area ----- At=17.6 cm?

Step No. 14 Calculate the current density, J .

_ 2(HVG)x10' :
]_—BAK [amps/ cm’]

m* *p*iu
] 2(0.000488 )x104
7(0.25)(0.183)(0.32) ‘amps ‘ cm2]

] = 666 [amps/ cm’]
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Step No. 15 Calculate the required wire area, Aw(B)-

Irms !
A = [cm' ]

o) = eeg [cm?]

Aw(B) = 0.00242 [cm’]
Step No. 16 Calculate the number of turns, N.

N~ WK, [turng]

w(B)
(0.565)(0.32) [turns]
7(0.00242)
N =74.7 use 75 [turng]

Step No. 17 Calculate the required gap, lg.

_ 04 Z(N)(A1)X10'

Ix AE, [em]
- L256(75)(4.25)x10°
0.25

1, = 0.160 use 0.157 [cm] or 62 [roils]

See Engineering Design Note No. 10 and 30.

Step No. 18 Calculate the new turns using a .157 cm gap.

L(l8 + M—PL—)(los)
N

= G 47;)A [turns]

(54x107 )(108)(.(0.157) + ((;éf)?))

N = [turns]

(1.256)(0.324)
N = 45.9 use 46 [turng|
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‘ Step No. 19 Calculate the fringing flux, F.

I, . 2G
|1 7&:.1 26
F ‘ [ + 7y n lg ]
0.157 , 2(1.74)
- 1
F (l+«/o.324 n 0.157)

F=185

Step No. 20 Calculate the new turns, N.

Il
N Y4 m)AF(107) [turns]

N (0)-157)(5) (") (turns)
“(4256)(0.324)(1.85)
N = 33.5 use 34 [turns]

Step no. 21 Calculate the maximum flux density, AB,.

AB,, - - - [tesla)

!
8
' AB - (1.256)(34)(4.25)(1.85)(10™)
" 0.157
AB, = 0.214 [tesla]

[tesla]

Step no.22 Calculate the new wire size, Aw(g).
wnKu
Aw(B) = N
wm)=___ziﬁ___
A, = 0.00532 [cm’]

[em’]

A

Step No. 23 Calculate the skin depth, y. The skin depth will be the radius of the wire.
6762

Y=77- [cm]

6.62

Y Tsoxior Lem]

y = 0.0296 [cm]
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See Engineering Design Note No. 1.

Step No. 24 Calculate the wire area.

wire, = n(y)’ [cm’]
wire,, =(3.14)(0.0296)°[cm’]
wire, = 0.00275 [cm’]

Step No. 25 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG =# 23
A, s = 0.00259 [cm?]

[IQ/ cm = 666
Au, = 0.00314 [cm’] with insulation

Step No. 26 “Calculate the required number of strands, S,, and the new p2/em.

A
wire,
(0.00532)
7"*(0.00259)
S, = 2.05 use 2
(new)uS2 /7 om = "Qq/ cm _ 626 - 333

~n

n

See Engineering Design Note No. 3.

Step No. 27 Calculate the winding resistance, R.

ne;
R =MLT(N x107¢ [ohms
( \hm [ ]

R = 4.55(34)(333)x107¢ [ohms]
R = 0.0515 [ohms]

Step No. 28 Calculate the copper 10sS, Pey-

PCN = IE"ISR [Watts]

P, = (1.61)°(.0515) [watts]
P, = 0.133 [watts]
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Step No. 29 Calculate the regulation, a, for this design.

PCU

a =—% x| 00 [%]
(0.133) .
a_ ﬁXl OO [/0]

a=0.261 [%]
See Engineering Design Note No. 13.

Step No. 30 Calculate the watts per kilogram, WK, using the P material loss equation,

WK=3.18(10-4)~)(15") 3‘-72-3-"*-‘2'”” [watts / kilogram]

y 4
{214

(2.747)
WK = 3.18(10)(50000) ) [watts / kilogram]

\
WK = 8.54 [wattgkilogram] or [milliwatts / gram]

Step No. 31 Calculate the core loss, Pf,.

P

,e=(9‘—‘—llim)w X107 [watts)

gram e
P, =(8.54)(11)x10-3 [watts]
P,=0.0939 [waitts]

Step No, 32 Calculate the total loss, core P, and copper P, in watts Py.
P;=P,+ P, [watts

P; = (0.0939)+(0.133) [watts]
P; = 0.227 [watts]

Step No. 33 Calculate the watt density, A.

2.=%— [watts cm’]

t

2=0227 [atts) o]
17.6

A = 0.0129 [watts' cm?]
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Step No. 34 Calculate the temperature rise in degrees C.

T, = 450(&)‘0'826) [degrees
7, = 450(0.0129 )% [deg
T,=12.4 [degrees C]

Step No. 35 Calculate the window utilization, Ku for this de

Desire Summary

Core Part Number
Magnetic Materia
Frequency

Flux Density

Core LOSs

Permeability
Millihenrys per 1K Turns
Total Gap

Window Utilization Ku

NA, 3
W

a

2(34)(.00259)

K_
-~ 0.565
KU =0.312

Ku =

EPC-25B
PC30
50kHz
A0214T
0.0939 w
2500
1560

62 mils
0.312

Strands

Total Turns
Resistance Q
Copper Loss

0.0515
0.133W
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Step No. 1 Calculate the total period, T.

T =— [seconds|
f
1
=——— [seconds|
50000
T =20 [usec]

Step No. 2 Calculate the maximum output power, P..

p,=1,(V,+V,) [watts]
P, =1.0(28 + 1.0) [watts]
P, = 29 [watts]

Step No. 3 Calculate the maximum input current, Imax-

P
Iin(max) = vV 5 [ampS]

min

29

1. =
. in(max) (12)(08) tamps]

Lmaxy =3- 02 [amps]

Step No. 4 Calculate the transistor voltage drop, Vvd.

Vi =L magRo [VOILS]

V.= (3.02)(0.1) [volts]
V., = 0.302 [volts]

Step No, 5 Calculate the minimum duty ratio, Dmin.

D = (1 _Dw)(vmin - Vvd)
- (V + Vd)+(vmin—vvd)
(1-0.1 )11.7
s (29+11.7)
D, =0.259
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. Step No. 6 Calculate the maximum duty ratio, Dmax-

Dmaxz(l-_Dmin —Dw)
D,,, = (1- 0.259- 0.1)
D, = 0.641

Step No. 7 Calculate the minimum load resistance, R, i,(maximum load condition).

1 m'n

(V. + V.){ohms)
min T

R, = &8+l [ohmsg]
R =29 [ohms]

R

min

Step No, 8 Calculate the maximum required inductance, L.

2
¢ R D D)
2

(29)(20x107)(0.259)°

. L< 5 [henrys]

L £19.4 use 19 [uh]

henrys]

Step No. 9 Calculate the maximum inductor current, AL

2P
Al = g dmps
Dmax(vmin - Vvd) [ p ]
58
(0.64 1)(11.7) ="**)

Al = 7.73 [ampsg]|

Al =

Step No. 10 Calculate therm current, Irms.
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Step No. 11 Calculate the total energy-handling capability in watt-seconds, w-s.

ENG =-L-;-*’2-*- [w-s]

-6 2
ENG— (19x1;) )(7.73)

ENG = 0.000568 [w -s]

(w-s]

Step No. 12 Calculate the electrical conditions, K..

K,=0.145 P,(AB, )’ x10™

K, = (0.145)(29)(0.25)*x10™
K, = 0.0000263

Step No. 13 Calculate the core geometry Kg.

ENG)’
Kg - ( < a) [CmS]
(0.000568)*

«~ (0.0000263)(1.0) ™
K, = 0.0123 [cm®]

Step No. 14 Select from Table 6.1an MPP powder core comparable in core geometry Kg

Core number------ Do --- MP-55848
Manufacturer - Magnetics
Magnetic path length -------=-==mmmm e MPL =5.09 cm
Core welght  -=-===mmmmmmm e Wife = 10 grams
Copper weight Wt = 10.9 grams
Mean length turn MLT= 2.64 cm
Iron area Ac=0.2% cm’
Window Area W, =1.167 cm’
Area Product A,=0.274 cm’
Core geometry Kg = 0.00973 cm’
Surface area At= 21,68 cm’
Permeability Hr =60

AL= 32

Millihenrys per 1000 turns
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‘ Step No. 9 Calculate the number of turns, N.

L
N =1000,|-*2L  [turng]
(1000)

_ 019
N = 1004 3 [turng]

~

N = 24.3 use 24 [turng]

Step No. 10 Calculate the current density J using a window utilization, Ku = 0.4.

4
]= —-——-—2(2:];");:0 [amps/cm’]
| - 2(0000568)<10°

~ (0.4)(0.25)(0.274) ‘amps * ™
] = 415 [amps/cm’]

Step No. 11 Calculate the required permeability, Ap.
_ (B, (MPL)x10*

= 0 an(W ONK,)
O _ (0.25)(5.09)x104
" (1,256)(1.167)(415)(0.4)
Ap =52.3 use 60 perm

See Engineering Design Note No. 9.

Step No. 12 Calculate the peak flux density, B, .

_ 0.47(N)(L )(1, )x10™

[tesla]
"' MPL
_1.256(24 )(7.73 )(60)x10"
B, = (5.09) [tesla]

B,, = 0.275 {tesla]

Step No. 13 Calculate the required bare wire area, Ay (B)-

]rm$ '
Aup = ] [cm']

357 .
wn gy5 O]
[ A5 = 0.00860 [cm']
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Step No. 14 Select a wire size with the required area from the wire Table 9.1. If the areais not
within 10% of the required area, then go to the next smallest size.

AWG =#18
A, = 0.00823 [cm’]
U/ em=209

See Engineering Design Note No. 7.

Step No. 15 Calculate the skin depth, y. The skin depth will be the radius of the wire.

y= 0.0296 [cm]
See Engineering Design Note No. 1.
Step No. 16 Calculate the wire area.
wire, = n(y)’ [em?]

wire, = (3.14)(0.0296) *[cm?]
wire, = 0.00275 [cm’]

Step No. 17 Select a wire size with the required areafrom the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG=# 23

A = 0.00259 [cm’]

U / cm = 666

A,=0.00314 [cm’] with insulation

Step No. 18 Calculate the required number of strands, Sn, and the new pQ/cm.

5, = 220
wire,
(0.00860)
“(0.00259)
S,=3.3 use 4
HQ/cm _ 666
S, 4

n

(new)uQ/ cm= =167
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See Engineering Design Note No. 3.

Step No. 19 Calculate the winding resistance, R.

R = MLT(N{?9 x10™ [ohms]

R =2.64(24)(167)x10< [ohms]
R = 0.0106 [ohms]

Step No. 20 Calculate the copper loss, P,,.

P, =12 R [watts]

P, = (3.57)°(.0106) [watts]
P, =0.135 [watts]

Step No. 21 Calculate the magnetizing force in oersteds, H.

(0.47)NI,,  [oersteds]

MPL
He (1.256)(24 )(7.73) [oersteds]

5.09
H = 45.8 [oersteds]

See Engineering Design Note No. 8.

Step No. 22 Calculate the regulation, a, for this design.

a=Fay100 (%)
p

[

(0.135)5100 0
*-(29) %]

a = 0.466 [%]

Step No. 23 Calculate the watts per kilogram, WK, using MPP power cores Figure 6.2.

(23] AB,,
2
WK = 5. 15x10°(50000 )" *(0.138)'*" [watts/ kilogram]

WK = 46.6 [watts/ kilogram] or [milliwatts / gram]

(212)
WK = 5. 15x10°(f) ) [watts / kilogram]
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Step No. 24 Calculate the core loss, 'fe -

P, =

(4

_ (mllllwatts ]W,f,xl 0

gram

P, = (46.6)(10)x10 *[watts]
P, = 0.466 [wattg]

Step No. 25 Calculate the total loss, Py, core Pfe and copper Py

P, = P, + P, [watts]
P, = (0.466)+(0.135) [watts]
P, =0.601 [waits]

Step No. 26 Calculate the watt density, A.
Py
At

® a=2000 ratts cm]
. 21.68

A = 0.0277 [watts cm']

A= [watts/cm’]

Step No. 27 Calculate the temperature rise in degrees C.

(0.826) [

T, = 450(1) degrees C]
T, = 450(0. 0277)* [degrees C]
T, = 23.3 [degrees C]

Step No. 28 Calculate the window utilization, Ku.

_ NS, A
W

a

(24)(4)(0.00259)
- (1.167)
K, =0.213

Ku

K|
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. Design Summary

Core Part Number MP-55848
Magnetic Material MPP
Frequency 50kHz
Flux Density A025T
Core Loss 0.466 w
Permeability 60
Millihenrys per 1K Turns 32
Window Utilization Ku 0.213
Winding Number l

AWG 23
Strands 4

Total Turns 24
Resistance Q 0.0106
Copper Loss 0.135 w
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. 315

Buck-Boost Isolated Discontinuous Current Design
using an MPP Powder Core

T1 CR2

“01
+
4 M 1
+ 1
Nt A< f
3 C2] R
In —» L1 v
+ 0 Fﬁ CR3 V02
A 1 » +
1 * 6 I
P + 02
V. CR1 o 1ENs;e A= |
n = ™~ 5 C3| R2
C1 L 4 1 -
Q1
 J

Figure 3.15 Buck-Boost isolated discontinuous current converter.

‘ Buck-Boost Isolated Discontinuous Current Design Specification
1 INpUt voltage max ... Vmax = 35 volts
2. INPUL VOItage NOM .c...ooooiviiicieece s Ynomy = 28 VOIS
3. INPUL VOILAGE MIN..... oo Vmin “22 volts
4, OULPUL VOITAGE ..o Vo =5 volts
5. OULPUL CUITENT ..o et e L= O AMPS
6.  OUIPUEVORAEDIAS . ... ..\t Vo =12 volts
7. OUEDUE CUITENEDIAS .. .o 1,=0.5amps
8. WIndow UEHZAEION . .. ... Ku= 0.4
9. FrEOUEICY oo f=50kHz
10.  Converter efficiency ..............occo e 1= 80%
11 Maximumduty faHO . ... Dmax = 0.45
12. Dwell time duty ratio ..............ccccceeeriiiiiocmmim e, D, =001
13, Regulation ... a=05%
14.  Operating flux density .............cccoe ... B = 0.25 tesla
15. Diode voltage ........... PP P P V4 =1.0volt

16, Transistor OM FESISANCE ... ... RQ = 0.10 ohms

This design procedure will work equally well with all of the various powder cores. Care must
be taken regarding maximum flux density with different materials. -
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Step No. 1 Caculate the total period, T.

7=

=7 ¢seconds]

T= 000 [seconds]

T =20 [usec]

Step Ne. 2 Calculate the maximum transistor on time, ton-

tan = ’TDmax [l‘lsec' ]
t,, = (20x10°)(0.45) [usec.]
t,, = 9.0 [usec.]

Step No. 3 Calculate the total secondary load power, Pto.

P, =1,(V, + V,) [watts]
P, = (5)(5+1) [watts]
P, = (0.5)(12+1) [watts]
p,=P,+ P, [watts]

P, = (30)+ (6.5) [watts]
P, =36.5 [watts]

Step No, 4 Calculate the maximum input current, Imax.

_ P,
Iin(max) - ijnn [ampS]

. _365

in(max) (22)(0.8) camps]
Iin(max) =207 [ampS]

Step No. 5 Calculate the transistor voltage drop, Vvd-

Vi =L Ro [VOILS]
V., = 2.07(0.1) [volts]
V*, = 0.207 [volts]
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‘ Step No. 6 Calculate the primary voltage, Vp.
V,= V- Ve [Volts]
vV, = 22-0.207 [volts]
V,=2179 [volts]
Step No. 7 Calculate the primary peak current, lppk-

2TP

1 ———t _ [amps peak]
. nvpton(max)
2(20x10")(36.5)

ok = (080)(2179)(9X10A) ‘amps ¢ eak]
I ,= 9.31 [amps pesk]

Step No. 8 Calculate the primary rms current, Iprms.

it
Lps = L7722 [amps]

23T
. I =q 3[—2— [amps]
prms 22 3(20)
1 = 3.61 [ampg]|

prins

Step No..9 Calculate the required primary inductance, L.

V. t
L= w [henry]

prk
_ (21.79)(9x10-") [henry]
(9.31)
L=21 [ph]

Step No. 10 Calculate the energy-handling capability in watt-seconds, w-s.

L3

ENG = 2'"’* [w-s]

21x107)(9,31)2
ENG= |
NG >

ENG = 0.000910 [w -s]

[w -¢]

201




Step No. 11 Calculate the electrical conditions, K.

K,=0.145 P, B2x10™*
K, = (0.145)(36.5)(0. 25)’x 10"
K, = 0.0000331

Step No. 12 Calculate the core geometry, Kg.

(ENERGY)?
K=l
Ko

4

(0.000910)’
“ ~(0.0000331)(0.5) ‘°™!

K, = 0.0500 [em®)

[em®)

See Engineering Design Note No. 4.

Step No. 13 Select from Table 6.1 an MPP powder core comparable in core geometry Kg.

Core NUMDEY =-=-=nmmmmmm e

Manufacturer -

Magnetic path length
Core weight === mmemmm
Copper weight
Mean length turn
Iron area
Window Area
Area Product
Core geometry
Surface area------------------ oo

Core Permeability
Millihenrys per 1000 turns

Step No. 14 Calculate the number of primary turns, Np.

Linew)
100Q[-—— [turng]
L(woo)

1.021
N = 1000, /~—
57 [turns]

11.6 use 12 [turng]

N

Z
1
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55930-A2

Magnetics Inc.

MPL =635 cm

Witfe = 36 grams
Wt = 22.3 grams
MLT = 3.94 cm
Ac=0.661 cm’

Wa =1.588 cm’

A, =1.04958165 cm’
Kg = 0.07038075 cm5
At= 38.38 cm2

mu= 125

rnh = 157



. Step No. 15 Calculate the current density, J, using a window utilization Ku = 0.4.

2( ENG)X104
J- B.AK, [amps / cn’]
;20000910 )x104

7(0.25)(1.049)(0.40) ‘amps ‘ cm2]
J = 173 [amps/ cm?]

Step No, 16 Calculate the required incremental permeability, Ay.

_ (B, J(MPL)x10*
M =0.47(W,)(K,)
A= (.25)(6.35)x10"
H= (1.256)(1,588)(173)(0.4)
Au =115

See Engineering Design Note No. 18.
Step No. 17 Calculate the peak delta flux density, AB.

. . 0.47(N, )(Ix )J(Au)x10 (tesla]
MPL

_ 1.256 (12)(9.31)(125)x10™*

- (6.35)

AB = 0.276 [tesla]

AB [tesla]

Step No. 18 Calculate the primary wire area, pr(B)-
Iprms 2
Apu(p) - T [em?)
3.61

,,w(a)zT?3 [cm’]

A s =0.0209 [cm?]

pw(B) —

Step No. 19 Select a wire size with the required area from the wire Table 9.1. If the areais not
within 10?40 of the required area, then go to the next smallest size.

AWG =#14
A, = 0.0208 [em?]

. uQ [ em=82,8
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Step No. 20 Calculate the skin depth, y. The skin depth will be the radius of the wire.
6.62

Y =—\77f [cm]

662

y = 0.0296 [cm]
See Engineering Design Note No. 1.

Step No. 21 Calculate the wire area.

wire, = n(y)’ [em’]
wire, =(3.14)(0.0296)° [cm?]
wire, = 0,00275 [cm’)

Step No. 22 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size,

Ay = 0.00259 [cY]
UL [ cm = 666

A,ay = 0.00314 [cm’] with insulation

Step No. 23 Calculate the required number of primary strands, Snp, and the new pg2/cm.

A

-— wp

B wire ,
(0.0208)
"7(0.00259)
S., =8.03 use 8

(new)ufd / cm = HggLem

np
(new)u2 | cm = —6—2—6—

(new)u2 / cm = 83,3
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. Step No. 24 Calculate the primary winding resistance, Rp-

R, = MLT(N, )(“Q)xlo*6 [ohms]

= (3.94 )(12)(83.3)x107¢  [ohms]
R, = 0.00394 [ohms]

Step No. 25 Calculate the primary copper loss, I,.

P,= IR, [watts]
P, = (3.61)"(.00394) [watts]
P, =0.0513 [watts]

Step No. 26 Calculate the secondary turns, Ng

- Np(vo + V,)(l - Dmax' Dw)

- t
g (vamM) [turns]
12(5 + 1)(1 -0.45- 0.1)
= =33 4t
Nsol (21.79)(0.45) 7 >0 use4lturns]
12012+ 1)(1-045-0.1)=,, .
’ Ns02 (21.79)(0.45) .7 2 use 7 [turns])

Step No. 27 Calculate the secondary peak current, Ispk.
21

e Ty

. 250)

w0 =(1700.45- 0.1)= ‘@7
1 2(0.5)

Spkm=(l _0.45_ 01) = 2y 22 ¢ amps]

Step No. 28 Calculate the secondary rms current, Isrms.

\/ (- Do De) o)

S 3
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Step No. 29 Calculate the secondary wire area, Asw(B)-

1

Acuiy == [em’]
860 _ )
Ao 173 0.0497 [cm?)
- 0.860 ,
A0 T3 0.00497 [cm’]

Step No. 30 Select a wire size with the required area from the wire Table 9.1. If the areais not
within 10% of the required area, then go to the next smallest size.

AWG =#10

A0 = 0.0526 [cm?]
uQ [ cm=32.7

AWG =# 20

A, = 0.00519 [cm?]
U/ cm=322

Step No. 31 Calculate the number of secondary strands, Sns01 and the p2/cm.

_ Aus
wire,

(0.0497)
"01-(0.00259)
Spon = 19.2 use 19

SnsOl

(new)uQ / cm = E%—‘—cm-
“ns01

(new)u2 / cm = 666

19
(new)u2 scm =35

Step No. 32 Calculate the winding resistance, Rspj.

/ .
Ry = MLT(N,q,) ﬁ) x10" [ohms]
\em

R, = 3.94(4)(35)X10*[ohms]
R, = 0.000552 [ohms])
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Step No. 33 Calculate the secondary copper loss, Pso1.

Poor = iR [watts]
P, = (8.60)°(.000552) [waitts]
P, = 0.0408 [watts]

Step No. 34 Calculate the number of secondary strands, Sns02 ,and the uQ/cm.

— AwsO
S = ;i;;i—
(0.00497)
Te%2%(0.00259)
S0z — 1.92 Uuse 2
(new)uQd 7cm = pQ / cm
Ss02

(new)uS2 7cm = 92—6— =333

Step No. 35 Calculate the winding resistance, Rsp2-

Rsoz = MLT(Nsoz @XIO—(’ [Oth’]
Ry =3.94(7)(333)X10‘[ohms]
R, = 0.00918 [ohms)

Step No. 36 Calculate the secondary copper loss, Ps02-

PsOT Iszostoz [ watt S]
P,,, = (0.860)%(.00918) [watts]
P, = 0.00679 [watts]
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Step No. 37 Calculate the window utilization, Ku.
[turng] = (N,S,,)= (84) [pi-nary]
[turns] = (N,01Swon= (76) [secondary]
[turns] = (N.02Suz) = (14) [secondary]
N, =174 turns# 23
- NtAw
W

K

a

(174)(0.00259)
“~ (1.588)
K,=0.284

K

Step No. 38 Calculate the total copper loss, P.,.

P,=P,+Py+Py [watts]
P,, = (0.0513) +(0.0408) + (0.00679) [watts]
.= 0.0989 [watts]

' Step No. 39 Calculate the regulation a for this design.

a=2wy100 [%)
P

(0.0989) y100[%]
= (33.5)
a=0.295 [%)

Step No. 40 Calculate the magnetizing force in oersteds, H.

(0.47)N I, [oersteds]

ppk
MPL
1y - (0-47)(12)(9.31)
B 6.35
H = 22.1 [oersteds]

[oersteds])

Step No. 41 Calculate the watts per kilogram ,WK.

(2.14)

WK = 0.003910)“"“’(9;1) [watts/ kilogram]

WK = 0.00391 (50000 )"**(0.138) ** [watts/kilogram]
WK = 58.4 [wattg/kilogram] or [milliwatts / gram]

208



Step No. 42 Calculate the core loss, pf..

watts]

milliwatts
T or

- Jw,,,x10‘3
gr

P, =(58.4 )(36)x10-3 [waitts]
P, =210 [waitts]
Step No. 43 Calculate the total 0SS, core Pge and COpper Py, in watts Py.
Py=P,+ P, [watts]

P; = (2.10)+ (0.0989) [waitts]
P, = 2199 [watts|

Step No. 44 Calculate the watt density, A.

= % [watts/ cm’]

2.19 2
A -33 4 watts/ cm’]

A = 0.0573 [wattsy cm?)
Step No. 45 Calculate the temperature risein degrees C.
7', = 450(A ) [degrees C]

T, = 450(0.0573 }'*** [degrees C]
T, = 42.38 [degrees C]
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Design Summar

Core Part Number
Magnetic Materia
Frequency

Flux Density

Core Loss

Permeability
Millihenrys per 1K Turns
Window Utilization Ku

AWG
Strands

Total Turns
Resistance Q

Copper Loss

MP-55930
MPP
50kHz
A0276 T
21w

125

0.000552
0.0408 W

0.00394
0.0513 w

210

0.00918
0.00679 W




316
Boost Converter Continuous Current
Design using a PQ Ferrite Core

L1 L2
Ln—> CR2 I, =
+ O—g— TN AT M o+
+ +
Vin | =% =< o__..{ o1 A< g | Vo
CR1 C1 2| R1¢
O O -
Figure 3.16 Continuous current boost converter.
Continuous Current Boost Converter
Inductor Design specification

INPUE VOITAgE ..vioviii e . Vnom =40 volts
INPUE VOITAOE ..., Vmin~ 30 volts
INPUE VOITAZE ... Vmax = 50 volts
OULPUE VOITAOE . .ivviiiiiie s V.= 56 volts
OUEPUL  CUITENT ..o ., L=1amp
OULPUE CUNTENE MINIMUM . . .4 et e et e et e e e e IoEmn) =0.2 amps
FREQUENCY .ot f=.50kHz
EffICIENCY .o n = 90%
REQUIBLION ...t e s e eeeenn 0= 1%
Operating flux density ... B, =0.25 tesla
Window utilization ... Ku=0.32
Diode voltage drop ... Vd = 1.0 volt
THANSSOT ONTESSANE . . ..ttt RQ = 0.1 0hms
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Step No. 1 Calculate the total period, T.

T

n ”

1
;

¢seconds]

1
T= 5000 [seconds]

T =20 [usec]

Step No. 2 Calculate the maximum output power, Pg.

= (V. +v)1) [watts]
P,=(56-t1.0)(1.0) [watts]
PO =57 [watts]

Step No. 3 Calculate the maximum input current, Imax-

1 «[amps]

m

57
in(max) ~ (30)(09) @mps ]
I = 2.11 [amps]

in(max) ~

in(max) ~

1

Step No. 4 Calculate the transistor voltage drop, Vvd-

Vvd - Iin(max)RQ [VOItS]
V*,= (2.11)(0.2) [volts]
V.. = 0.211 [voltg]

Step No. 5 Calculate the maximum duty ratio, Dyax.

o 1-( 5257

D =(1-(E725Y))

D, = 0.477
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Step No. 6 Calculate the minimum duty ratio, Dmin.

Dy = (1 - (———————(V{j:*;;:“ )D

D - (1 _((50 - 0.211)))
56+1.0
D, = 0.127

Step No, 7 Calculate the minimum load resistance, Rmax, (minimum load condition).

Rmax :_Vo [Oth]
Io(min)
57
max = 0'2
R,ax = 285 [ohmsg]

R [ohms]

Step No. 8 Calculate the required inductance, L.

R, TD

L - > max min

(1 - ijn )2
2
(285)(20x107*)(0.127)(0.873)2 h

2
L = 274.8 use 275 [uh]

[henrys]

enrys]

Step No. 9 Calculate the delta current, AL

- Vu)DyT [amps]
L
_ (50 - 0211 )(0.127)(20x10*)
(0.000275)
Al= 0.460 [amps]

AT = Lo

A

[amps]

Step No, 10 Calculate the peak current, Ipk-

s I, “AIAI
& (1 ._l)mm()J22 emes
| (1.0) 0.460
P7(1-0.477) T (2

Ly = 2.14 [amps]

) [amps]
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Step No. 11 Calculate the rms current, Irms-

o= (0 -+ B ) o

(0.460)°
3

(0.477) [amps]

L \/{2.14)2- (2.14)(0.460)+
1

I..=1, 32 [ampg]

See Engineering design Note No. 16

Step No. 12 Calculate the total energy-handling capability in watt-seconds, w-s.

2

LI
ENG =—§& [w-s]

(275x10%)(2.14)

2
ENG = 0.000630 [W -s]

ENG = (w 3

Step No. 13 Calculate the electrical conditions, Ke.

K,=0.145 P B1x10™
K, = (0.145)(57)(0.25)°x10™
K, = 0.0000517

Step No. 14 Calculate the core geometry, Kg.

2
K = (ENG)
& Ka

[4

[em®)

(0.000630)’
“ =(0.0000517)(1.0) *=™!

K, = 0.00768 [cm]
K, = (0.00768)(1.25)= 0.0096 [cm]

See Engineering design Note No. 4 and 14.
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Step No. 15 Select from Table 4.3a PQ core comparable in core geometry Kg.

COre NUMDEY ---mmmmm e o m oo PQ-42016
Manufacturer - Magnetics Inc.
Magnetic material - P, Hi= 2500
Magnetic path length ------------=-=-m-mmemmm e MPL = 3.74 cm
Window height - mmmmms sommmmeme e - G=1001cm
Core weight -+ Witfe = 13 grams
Copper weight Wicu = 6.62 grams
Mean length turn -- -- - - - ----  MLT=434cm
Iron area Ac=0.580 cm’
Window Area -mmrmrmmemrs srmemn mememes s W, = 0.428 cm’
Area Product - A,=0248 cm’
Core geometry - Kg=00132 cmb
Surface area - -- At=174cm’

Step No. 16 Calculate the current density, J .

2( ENG)X 104 ,
] - BAK, [amps/ cm’]
J = 20 00063)x104

~7(0.25)(0.248)(0.32) ‘amps * ™
J =635 [amps/ cm’]

Step No. 17 Calculate the required wire area, Ay,(g)-

Irms !
Aw(l) . ] [Cm]
Au,(,)= 132 [em?]

Ay = 0.00208 [cm’]

Step No. 18 Calculate the number of turns, N.

N:ﬂ“K[‘turns]

w(B)

(0.428)(0.32)
(m [turns)

N = 65.8 use 66 [turng]
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‘ Step No. 19 calculate the required gap, lg-

0.4aN1,x10™ ) (MPL) [cm]
fp = B L

1 41.256)(66)(2.14»@0’* _ ﬂ)[cm]

m

0.25 )( 2500
.0695 use 0.0610 [cm] or 24 [roilg]

l,=
See Engineering Design Note No 10 and 30.
Step No. 20 Calculate the new turns using a .0610 cm gap.

MPL
L(Ig + ~-~——](108)
N = M,

(0.47)A,

[turng]

(3.74)
S (Y

N = turns
(1.256)(0.580) [ !
. N = 48.57 use 49 [turns]
Step No. 21 Calculate the fringing flux, F.
l
F=|1+-4 lnZg
:]AC L
(' 0.0610
F=1+ 2(-1-(101)-
{*V0.580" 0.0610 )
F=1279
Step No. 22 Calculate the new turns, N.
T IL
: turns
"= \(4m)AF(107) [turns|
_ (0.061)(275x10°°)(10°) (turns]

\ (1.256)(0.580)(1.279)
N = 42.4 use 42 [turns]
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Step No, 23 Calculate the maximum flux density, Bm-

(0.47)NI,F(107*) [tesla]

By = MPL
ly+
H,
(1.256)(42)( 2.14)(1.279)(10™)
m- 374 [tesla]
0. 0508+ =——
+(2500)
B, = 0.231 [tesla]
Step No. 24 Calculate the new wire size, AW(B).
WK, ,
Auwy N [cm’]
(0,428)(0.32) [em?]
w(B) (42)

A, = 0.00326 [cm’]

Step No. 25 Calculate the skin depth, y. The skin depth will be the radius of the wire.

6.62

)’=7f' [cm]

6.62

= Tsoxior el

Y= 0.0296 [cm]
See Engineering Design Note No. 1.

Step No. 26 Calculate the wire area.

wire, = n(y)’ [em?]
wire, - (3.14)(0.0296)[cm’]
wire .= 0.00275 [cm’]

Step No. 27 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG=# 23

A, = 0.00259 [cm’]

U [ cm = 666

AU, = 0.00314 [cm?’] with insulation
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. Step No. 28 Calculate the required number of primary strands, % and the new pQ/cm.

_ A
" wire,
S (0.00326)
“7(0.00259)
S,=1.26

See Engineering Design Note No. 3.

Step No. 29 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG =# 22
A = 0.00324 [cm]
U/ cm=531

Step No. 30 Calculate the winding resistance, r.

R = MLT(NZ:Q x10* [ohms)

R = 4.34( 42)(531 )x10"[ohms)
R = 0.0968 [ohms]

Step No. 31 Calculate the copper loss, Pey-

P, = IR [watts]

P_ = (1.32)°(.0968) [watts]
P, =0.169 [watts]

Step No. 32 Calculate the regulation, a, for this design.

a= P Xl 00 [%}
P

(0(?169)

a x100 [(yo]

a = 0.296 [%]

. See Engineering Design Note No. 13.
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Step No. 33 Calculate the ac flux density, Bat.

_ (0-42NAIF(10Y)

» sla]
MPL
I+
( B 1
(1,256)(42)(0.460)(1.279)(10 )
e = 374 [tesla]
0.061 +_~

(2500)
B,, = 0.0497 [tesla)

Step No. 34 Calculate the watts per kilogram, WK, using the P material loss equation.
)(1,51{ AB,, )(2 b [
v 2

(2 747)

WK = 3.18x107(f watts / kilogram]

WK = 3.18x10™(50000) "*" @:ﬂ

[watts /kilogram]
WK = 0.154 [wattgkilogram] or [milliwatts /gram]

Step No. 35 Calculate the core loss, Pf..

P = (mllhwatts

= W, x107
f gram ) ¥

watts]

P, =(0.154 )(14)x10-3 [wats]
P,=0.00216 [walts]

Step No. 36 Calculate the total loss, core Pg and copper P, in watts Py.

Py=P,+P, [watts]
P; = (0.00216)+ (0.169) [watts]
P; =0.171 [watts]

Step No. 37 Calculate the watt density, A.

A= [waty cm]
A

2=0070 raty o]
17.4

A = 0.00984 [watts/cm']
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Step No. 38 Calculate the temperature rise in degrees C.

T, = 450(A)°* [degrees C]

T, = 450(0.00984 Y [degrees C]
T, =9.89 [degrees C]

Step No. 39 Calculate the window utilization, Ky for this design.

Ku = ﬁé"’_@
_ (42)(.00324)
"0.428
KU =0.318
Desire Summary
Core Part Number PQ-42016
Magnetic Material P Ferrite
Frequency 50kHz
Flux Density 02271
Core Loss 0.00216 W
Permeability 2500
Millihenrys per 1K Turns 4585
Total Gap 24 mil
Window Utilization Ku 0.318
e e L
Winding Number 1
AWG 22
Strands 1
Total Turns 42
Resistance Q 0.0968
Copper Loss 0.169 W
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Step No. 1 Calculate the tota period, T.

1 [seconds]
oo

1
T=——
53000 [seconds]

T =20 [usec)
Step No. 2 Calculate the maximum output power, P..

P, =1,(V, + V,) [watts]
PO = 1.0(28+ 1.0) [watts]
PO =29 [waitts]

Step No. 3 Calculate the maximum input current, Imax-

I

__F
in(max) — vV n [ampS]

min

29

1 [ —
‘ in{max) (12)(08) tamps]

I many =3- 02 [@amps]

in{max

Step No. 4 Calculate the transistor voltage drop, Vvd.

vvd :11n(n|ax)RQ [VOltS]
V.,.=(3.02)(0.1) [volts]
V¥, = 0.302 [volts]

Step No. 5 Calculate the minimum duty ratio, Dmin.

o - (Vo+ v)
o (‘\/max - Vvd) + (V- + Vd) 1
D = (28 + 1.0)
"r (18- 0.302)+ (28+ 1.0))
D,_, = 0621
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Step No. 6 Calculate the maximum duty ratio, Dmax.

S ) N

max:(‘{nﬁn - Vvd)+(vo _t V’)
(28+1.0)

(12 -0.302)+ (28+ 1.0) 1

=0.713

max

Step No. 7 Calculate the maximum load resistance, Rmax, (minimum load condition),

_ (Vo+ Va) [ohms]

max
10

R

max - (28 +1) [Oth]
0.2

= 145 [ohmg]

R

ma x

Step No. 8 Calculate the minimum load resistance, Rmin, (maximum load condition).

_ (v, + V) [ohms]

min Io
Rmin = -(218701- | [0hm5]

Run =29 [ohms]

Step No. 9 Calculate the maximum required inductance, L.

L = RmaxT(z1 D ) [henrysl
145)(20x107¢)(1 -- 0.621)°

L=( )( X 2)( )[henrys]

L =208 [uh]

Step No. 10 Calculate the delta current, Al

Al = DT (Ve Vi)
L
A & (0.713)(20x10°)(12 - 0. 302)
208x10°
Al=: 0.802 [amps]

[amps]

[amps]
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Step No. 11 Calculate the maximum inductor current, Ipk.

I :__IP____. _é_'. [amps]
a (1—_Dmax) +( 2 )
1.0 0.802

= 0wy (2 ) LAmPS]

I, = 3.88 [amps]

Step No.12 Calculate the rms current, Iyms.

(Al)

1,.= \/(( jpk)2 "(ka )(AI )+——§-J (Duax) [amps]

bty
I

. \K(3.88)2—(3.88)(0.802)+ ;(9%2)2)(0.713) [amps]

H
|

ms = 2.94 [amps]
See Engineering Design Note No. 16.
Step No. 13 Calculate the energy-handling capability in watt-seconds, w-s.

LI
ENG = -—2— [ W - S]
(208x10%)(3.88)’
[w

2
ENG = 0.00157 [w -S]

ENG = s)

Step No. 14 Calculate the electrical conditions, K.

K,=0.145 P B2x10™
K, = (0.145 )(29)(0.25)' x107*
K, =0.0000263

Step No. 15 Calculate the core geometry, Kg.

_(ENERGYY’
K,

e

(0.00157)°
‘g= (0.0000263)(1,0) ‘"'

K, =0.0932 [cm’]

Kq [em®]
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Step No. 16 Select from Table 6.3a Kool Mt powder COre comparable in COre geometry K.

Core NUMDEN -+« « v v v v w s Tommmmmmmm mmmmmmms mommmms oo KM-77586
Manufacturer ------==--mmmmmmmmcmeeee T S Magnetics
Magnetic path length -----==-======memmcmm e MPL =8.95 cm
Core weight ---=================sssssssssssssssssssssososooooooooooooo- Wife = 25 grams
Copper weight Wteu = 60.7 grams
Mean length tUFN === mmm e oo MLT = 4.165 cm
Iron area - A .“0.4709 cm’
Window Area W, = 4.102 cm’
Area Product - A=1932cm'
Core geometry - Kg=0.0874 cm?’
Surface area - - A=625cm’
Permeability - - pu=60
Millihenrys per 1000 tUrnS - oo mh =38

Step No. 17 Calculate the number of turns, N.

L
N = 10 %;—("’"’) [turng]
é 1000)
208
= “— [turns
N 100(%[ 38 [turns]
N =74 [turng]

Step No. 18 Calculate the current density, J, using a window utilization Ku = 0.4.

_ 2(ENG)x10° 2
] ———————————KHBMAV [amps / ecm?]
] 2(0.00157 )x104
“(0.4)(0.25)(1.932) ‘amps © ™

J = 163 [amps/ cm?]

Step No. 19 Calculate the required permesability, Ap.
AL < (B.)(MPL)x10*
H=0.42(W,)((K.)

_ (0.25)(8.95)x10*
(1.256)(4,102)(163)(0.4)
Al = 66.6 use 60 perm

See Engineering Design Note No. 9.
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. Step No. 12 Calculate the peak flux density, Bm.

. an(N)(L, )(u,)x10™*

[tesla]
™ MPL
B, = 1.256 (74)(3.88)(60)x10™* [tesla]
(8.95)

B, = 0,242 [tesla]

Step No. 13 Calculate the required bare wire area, Ay(p)-

Irms 1
Ay = ‘] [cm’]

2.94 ,
Aury o5 [cm’]

A,z =0.0193 [cm’]

Step No. 14 Select a wire size with the required area from the wire Table 9.1, If the area is not
within 10% of the required area, then go to the next smallest size.

. AWG=#14
A, = 0.0208 [cm’]

U2/ em=282.8
See Engineering Design Note No. 7 and 11.
Step No. 15 Select a equivalent wire size with the required area from the wire Table 9,1.

A WG =# 20

A, = (4)(0.00519) [cm’]
A5 = 0.02076 [cm’]
32

Step No. 16 Calculate the winding resistance, R.

V 4
R = MLT(N) r:Q x107 [ohms]

R = 4.165(74)(83)x10™ [ohms]

' R = 0.0256 [ohms]
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. Step No. 17 Calculate the copper loss, Pey-

P, =12 R [watts]

P, =(2.94)(.0256) [watts]
P_ = 0.221 [watts]

Step No. 18 Calculate the magnetizing force in oersteds, H and check against Figure 6.10.

(0.4m)NIL,,  [oersteds)

MPL
u _(1.256)(74)(3.88) [oersteds]

8.95
H = 40.3 [oersteds]

See Engineering Design Note No. 8.

Step No. 19 Calculate the ac flux density in tesla, Bat.

.am) 5 Ju, It 07

B, = [tesla]
: e MPL
. Bac(—;'256)(74 )(2),9)4‘2’01)(60)x10-4 [tesla]

B, = 0.0250 [tesla]

Step No. 20 Calculate the regulation, a, for this design.

a=Lox100 (%)
P,
, (0221 )X100
(29)

a = 0.76 [%]

(%]

Step No. 21 Calculate the watts per kilogram, WK, using Kool Mp power cores Figure 6.9.

WK = 7.36x10“‘(f)(]'468) (B,)”? [watts/ kilogram]

WK = 7.36x107(50000)"** (0.0250)**? [watts/ kilogram]
WK = 2.89 [watts/ kilogram] or [milliwatts / gram]
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. Step No. 22 Cal cul ate the coreloss, Pfe -

P, = (mllhwatts )W,f,xl 03
gram ) T waies

P, =(2.89 )(25)x10-3 [watts]
P, = 0.0732 [watts]

Step No. 24 Calculate the total loss, Py, core Pf,and COPpPer Pey .
P = Pﬁ + P, [watts]

P, =(0.0732)+ (0.221) [watts]
P, = 0.294 [watts]

Step No. 25 Calculate the watt density, A.

A= —];\—‘ [watts /cm’]

0.29
"62.
A = 0.00471 [watts/ cm’]

' Step No. 26 Calculate the temperature rise in degrees C.

A watts/cm’ ]

T, = 450(2 )*® [degrees C]
T, = 450(0.00471 ) [degrees C]
T, = 5.38 [degrees C]

Step No. 27 Calculate the window utilization, Ku.

NS, A,

W,
(74)(4)(0.00519)
Ku =

(4.102)
Ku= 0.374

Ku=
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. Desi mmary

Core Part Number KM-77083
Magnetic Material Kool Mp
Frequency 50kHz
Flux Density 0242 T
Core Loss 0.0732 W
Permeability 60
Millihenrys per 1K Turns 38
Window Utilization Ku 0.374
Winding Number 1

A WG 20
Strands 4

Total Turns 74
Resistance Q 0.0256
Copper Loss 0.221 w
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Buck-Boost Isolated Continuous Current Design

using an MPP Powder Core
m CR gy
+
4 " . .
N1 A= i’l
3 c2| R
iy — L1 -
' 0 CR3 Vo2
A L M +
‘ ' 6
P + )
Vit CR1 M 1ENs;2 A< }
x = 5. Sl Ry
C1
Q1

Figure 3.18 Buck-Boost isolated continuous current converter.

Buck-Boost Isolated Continuous Current Design Specification

INPUL VOItAge MAX ..o wewe Vnax = 35 VOItS
INPUEVORAGEMOM ... Vnom =28 volts
INDUEVOIBR TN ... Vinin 22 volts
Output voltage «.«........ s —— L V.= 5 volts
OULPUL  CUITENT .o l=1amp

OULPUL  CUITENE ..o ararssssan, Io(min) 15 amps
Output voltage bias..............cccon Lo Vo = 12 volts
Output CUITENt DIaS........c.oooviiiiiiiii 1=0.3 amps
Output current biaS............ocooiiiiiiii Io(min) = 05 amps
Window utilization ... Ku=04
Frequency ..o O f=50kHz

CONVENtEr BfICIENCY ..o n=80%
Maximum dUty Fatio ... Dmax = 0.45
REQUIBEION i a= 1.0 %
Operating fluX denSity ... B, = 0.25 tesla
DIiode VOItAgE ..o V4 =1.0volt
Transistor ON reSIStANCE ........ocooovvviiiiii RQ = 0.40 ohms
TEMPErALUrE TS ..ot T,=<50°C

This design procedure will work equally well with all of the various powder cores. Care must
be taken regarding maximum flux density with different materials.
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Step No. 1 Calculate the total period, T.

T =~ [seconds]

b Kl

1
T =——— [seconds
50000 [ ]
T =20 [usec]
Step No. 2 Calculate the maximum transistor on time, ton.
t,, =TD,, lusec.]
t,, =(20x10+)(0.45) [usec.]
t,, = 9.0 [usec.)

Step No. 3 Calculate the minimum duty ratio, Dmin-

vV

Dmin = Vmin Dmax
max
22
D_.=-—(0.45
min 35 ( )
D, =0.283

Step No. 4 Calculate the total secondary load power, Pyo.

PO =1,(V,+V,) [watts]
P,=(1)(5+1) [watts]
P, = (0.3)(12+1) [watts]

P, =P, + P, [watts]

P, = (6)+ (3.9) [watts]
P,=9.9 [wattg]

Step No. 5 Calculate the total secondary minimum load power, Pto(min).

=

sainy  Jominy (Vo -t= V) [Watts]
ol{min) = (015)(5 +1) [WattS]
02(min) = (005)(12+1) [WattS]

o =

Peo(min) =P, +P, [watts)
Plo(min) = (09)'+ (065) [WaItS]
Pto(min) =1.55 [WaItS]
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Step No, 6 Calculate the maximum input current, lin(max)-

1

[

: = - |amps
in{max) Vmi n [ p]

9.9

I‘ =
m(max) (22)(0.8) ¢@a mps ]
Iin(max) = 0.563 [ampS]

Step No. 7 Calculate the minimum input power, Pin(min).

Pin(min) = % [WattS]

155
in{min) 0.80
Pin(min): 1.94 [watts]

[watts]

Step No. 8 Calculate the transistor voltage drop, Vvd:

. Vvd = Iin(max)RQ [VOltS]

V¥, = 0.563(0. 4) [volts]
V.. =0. 225 [volts]

Step No. 9 Calculate the primary voltage, Vp.

V, =V*,,-V, [volts]
V, = 22-0.225 [volts]
V,=21.78 [volts]

Step No. 10 Calculate the required primary inductance, L.

[henry]
2Pin(min)
35 -0.225)0.283)'T
L = 499 [uh)
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Step No. 11 Calculate the primary delta current, Alp.

Al = _[LMXZ_V!ND_ [arnpsl

(0.45)(20x107)(21.78)

ar= 199 X10-
Al= 0.393 [amps]

[amps]

Step No, 12 Calculate the primary peak current, Ipk-

L
= linmany , AT [amps]

a Dmax
Q.563+ 0.393

w045 —2 lampd

I, = 1.45 [amps]

I

Step No, 13 Calculate the primary rms current, Irms.

2

Irms = \/((ka )2 - (ka )(Al) + (_A—;)—](Dmax) [amps]

w

I,.= \/((11445)2- (1.45)(0.393)4%)0.45) [amps]
I, = 0.844 [amps]

Step No. 14 Calculate the energy-handling capability in watt-seconds, w-s.

2

LI
ENG = —zﬁ [w-s]

ENG _—_(499x107°)(1.45)
‘ 2

ENG = 0.000525 [w -]

[w s]

Step No. 15 Calculate the electrical conditions, K.

K,=0.145P,B2x10™

to™~'m

K, = (0. 145)(9.9)(0. 25)’x10™
K, = 0.00000897
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Step No. 16 Calculate the core geometry, Kg.

_ (ENERGY)® [cm']
. Ka
(0.000525)*
“ ©(0.00000897)(1.0) ‘™’

K,=0.0310 [cm]

See Engineering Design Note No. 4.

Step No. 17 select from Table 6.1 an MPP powder core comparable in core geometry Kg.

Core number -==-===-======mmm oo MP-55350
Manufacturer - Magnetics Inc.
Magnetic path length ---------==-====-=-mommooooco oo MPL =5.88 cm
Core weight Witfe = 20 grams
Copper weight -eeceeeemme.n. Wicu = 17.8 grams
Mean length turn MLT =331 cm
IrON area ----=--======mmmm oo A.=0,395 cn’
Window Area " Wa= 1515 e’
Area Product Ap= 0.5991 cm4
Core geometry Kg= 0.028639 cm®
Surface area ----- Ag=30.26 cm?
Core Permeability u=125
Millihenry per 1000 turns mh =105

Step No. 18 Calculate the number of primary turns, N,.

Ly
N=1000, |——= [turns]
1000)

.499

N=1000,/—=
\/105 [turns]

N =69 [turng]

Step No. 19 Calculate the current density J using a window utilization, Ku = 0.4.

2(ENG)X104 ,
] B.AK, [amps /cm’]
j = _2(0.000525 )x104

" (0.25)(0.599)(0,40) ‘amps * '
J =175 [amps / cm']
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. Step No, 20 Calculate the required incremental permeability, Au.

_ (B,)(MPL)x10*
M= 040K,
_(25)(5.88)x10"
H= (1.256)(1.515)(175)(0.4)
Ap =110 use 125

See Engineering Design Note No. 8 and 18.

Step No. 21 Calculate the peak flux density Bm.

B, = 0.47(N, (I, (At )x107

[tesla]
" MPL
-4
B = 1,256 (69)(1.45)(125)x10 (tesla]
(5.88)
B, = 0.267 [tesla]

Step No. 22 Calculate the primary wire area, Apw(B)-

| - )

Apu(8) 'ﬂ]” [cm’]
0.844 )
w(B) 175 [cm’]

Aus) = 0.00482 [om']

Step No, 23 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG=#20
Ay = 0.00519 [cm’]
uQ/cm= 332

Step No. 24 Calculate the skin depth, y. The skin depth will be the radius of the wire.

y = 0,0296 [cm]
. See Engineering Design Note No. 1 and 3.
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‘ Step No. 25 Calculate the wire area.

wire, = a(y)’ [em?]
wire, = (3.14)(0.0296)*[cm']
wire, = 0.00275 [cm’]

Step No, 26 Select a wire size with the required area from the wire Table 9.1, If the area is not
within 10% of the required area, then go to the next smallest size,

A WG =#23

A,p = 0.00259 [cm?]

U | cm= 666

A, = 0.00314 [cm’] with insulation

Step No. 27 Calculate the required number of primary strands, Snp. and the new pQ/cm.

A

—
wire,

_(0.00482)

‘ " (0.00259)

S, =187 use 2

(new)uQ | cm = &S/—cm

np

S.p

(new)ud 7 cm = 9—2—6— =333

Step NO. 28 Calculate the primary winding resistance, Rp.
P
cm

R, = (3.31 )(69)(333)x107 [ohms]
R, = 0.0761 [ohms]

R,= MLT(N, )(ﬂjxlm [ohms]

Step No. 29 Calculate the primary copper loss, Pp.

P,= IZ,.4R, [watts]

P, = (0.844)*(.0761) [watts]
P,=0.0542 [watts]
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Step No.30 Calculate the secondary turns, N

N_N,,(v,, +V,)(I - D..)

o (ViDa)
_ 69(5 + 1)(0.55)=*3
“9(21.78)(0.45)
_69(12 + 1)(0.55) . 5 [turns]

'%(21.78)(0.45)

[turns]

[turns]

Step No. 31 Calculate the secondary inductance, Ls,

L,=N? (LMT)x10°[henrys]
L., =(23) 2(105)x10-9 =55.5x107 [henrys]
L.y, = (50)°(105)x10-9 = 263x107 [henrys]

. Step No. 32 Calculate the secondary delta current, Al

é\_/ + vd)(T)(Dmin)
Ls
(5+1.0)(20X 104)(0.283)=

ol 55.5X 10"
Al - (12 + 1. 0)(20X104)(0.283)
02 263x107

Al

[amps]

0.612 [amps}

=(0.280[amps]

Step No. 33 Calculate the secondary peak current, Ipk.

I, = P, +é1 [amps)
& (Vo + vd )(1 - Dmax) 2 p
6.0 0.612
I,y ————————+— = 2.12 [amps
-6 O(1 - 0.48) 2 [amps]
3.9 0.28

1 = 0.685 [amps]

—+_
“ 0F"13(1- 0.45) 2
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. Step No. 34 Calculate the secondary rms current, Isrms.

1m=\/((1pk)’—(1pk)(m) (A;) )(1 D,..) [amps)

2
@%EL (0.717) = 1.54 [amps]

1

\/((o 685)°- (0.685)(0.280) +L8°)2(0 717) =0.467 [amps]

Lomeor = dE 12 - (2.12)(0.612)+

Step No. 34 Calculate the secondary wire area, Asy(B)-

11 rms 1
Asur(ﬂ) :—i]—‘ [Cm ]

154
pe0l " Ngs

0.467_ ,
P02 s 0.00267 [cm’]

A -0.00880 [cm?)

Step No. 35 Select a wire size with the required area from the wire Table 9.1. If the area iS not
‘ within 10% of the required area, then go to the next smallest size.

AWG =#18
A,.0; = 0.00823 [cm']
u [ cm=209
AWG=#23

A, = 0.00259 [cm’]
HQ / cm = 666

Step No. 36 Calculate the number of secondary strands, Sns01, and the uQ/cm.

- AwsOl

ns01 —

wire,
(0.00880)
- (0.00259)
Spsor~ 3.397 use 3
(new)uS2 / cm = pQ/em

ns01

(W) /om = égfi _ 222
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Step No. 37 Calculate the winding resistance, Rgpi1.
1 -6
Ry = MLT(N,y,) g x107¢ [ohms])

Ry =3.31(23)(222)x10+ [ohms]
R,y = 0.0169 [ohms]

Step No. 38 Calculate the secondary copper loss, Pso1-

Por = IRy [watts]
P, = (1,54)%(.0169) [watts]
P, = 0.0401 [watts]

Step No. 39 Calculate the number of secondary strands, Sns02, and the pg2/cm.

AwsO2_
wire,

_ (0.00267)
"%~ (0.00259)

® S =1

(new)u€2 7 cm =

Spso =

HQ /cm
S-nsO?

(new)uSd som = Q?E - 666

Step No. 40 Calculate the winding resistance, Rs02-
Ry, = MLT(Nq; ) - x107 [ohms]

Rgp =3.31(50)(666)x10+ [ohms]
R, = 0.110 [ohms]

Step No. 41 Calculate the secondary copper loss, Ps02-

Pz 202 Rocn [watts]
P, = (0.467)°(.110) [watts]
P, = 0.0240 [watts]
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Step No. 42 Calculate the window utilization, Ku.

turns] = (N,S,,) = (138) [primary]
[turns] = (NyS.01) = (69) [secondary]
[turns] = (N2Su02 ) = (50) [secondary]
N, =257 turns # 23

_NA,
u = '_‘/‘v’a—'

(257)(0.00259)
" (1.515)
Ku= 0.439

K

Step No. 43 Calculate the total copper loss, P,

P,=P,+ Py +P, [watts]
P, =(0.0542)+(0.0401)+ (0.0240) [waitts]|
P, =0.118 [watts]

Step No. 44 Calculate the regulation, o, for this design.

a= —FI);—“ Xloo [%)

[

(0.118) o
= (9.9) x100 [%])
a =1.19 [0/0]

Step No. 45 Calculate the magnetizing force in oersteds, H.

(0.4m)N s [oersteds]

MPL
(0.47)(69)(1.45) [oersteds)

5.88
H = 21.37 [oersteds]

Step No. 46 Calculate the, Bat, flux density tesla..

_ 0.4x(N)(Alu,x10™
- MPL
p - (1.256)(69)(0.393 )(125)x10*

" 5.88
B,. = 0.0724 [tesla]

B [tesla]

[tesla]
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Step No, 47 Calculate the watts per kilogram, WK.

128)( B (214)
WK = 0.00391(f)" (3"&) [watts / kilogram]

WK = 0.00391 (50000 )***(0. 0362)' """ [watts/ kilogram]
WK = 3.33 [watts/ kilogram] or [milliwatts / gram]

Step No. 48 Calculate the core loss, Pge .

w a t t s ]

P, = ( milliwatts ]w,ﬂxm*
gram

P, =(3,33 )(20)x10-3 [watts]
P,=0.067 [watts]

Step No. 49 Calculate the total loss, Py, core Pf,and copper P, in watts.

Py=P,+P, [watts]
P; = (0.067)+(0.118) [watts]
P; =0.185 [watts]

Step No. 50 Calculate the watt density, A.

l=£‘— [watts/ cm’]

t
1 0.185
303
A = 0.0061 [watts cm’]

[wattd cm’]

Step No. 51 Calculate the temperature rise in degrees C.

T, = 450(1)*%® [degrees C]

T, = 450(0.0061 )** [degrees C]
7, = 6,66 [degrees C]
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. Design Summar

Core Part Number MP-55350

Magnetic Material MPP

Frequency 50kHz

Flux Density 0.267 T

Core Loss 0.067 w

Permeability 125

Millihenrys per 1K Turns 105

Window Utilization Ku 0.256

Winding Number 1 2 3
AWG 23 23 23
Strands 2 3 1
Total Turns 69 23 50
Resistance Q 0.0761 0.0169 0.110
Copper Loss 0.0542 w 0.0401 w 0.0240 W
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Coupled Inductor Design using an MPP Powder Core
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Figure 3.19 Single ended forward converter using a coupled inductor.

Coupled Inductor Design Specification

INPUE TN MAXIMUM .. Vin(max) = 35 volts
INPUETING MIRIMUM . ... Vin(min) = 22 volts
Output voltage No. 1 ... Vo = 5 Vots
OULPUL CUITENT Io(max) =5 amps
OULPUL CUFTENT oo lo(min) = 0.5 amps
Output voltage NO. 2 ... Vo02 = 15 volts
OUEPUL CUITENT ..ot Io(max) ~ 1 ampy
OULPUL CUITENT Io(min) = 0.2 *"p ¢
Output voltage NO. 3 ... Vo3 = 28 volts
OULPUL CUITENT i In(max) = 1 ambg
OULPUL CUITENT o » lo(min) 0.1 2"p *
DULY TALIO it Dmax = 0.45
Regulation ... a=1%
FreqUENCY ..o f=50kHz

Operating fluX density . ... B = 0.25 tesla
WINdow UEIIZAEON ... Ku= 0.4

Transformer tumS Pervolt. ... N/V =20

Diode voltage drop ........occooiiiiiiiii Vd=1.0 volt

The 5 volt output is the closed loop output.

This design procedure will work equally well with all of the various powder cores. Care must
be taken regarding maximum flux density with different materials. -
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Step No. 1 Calculate the total period, T.

1 [ seconds]
f
1

50000
T =20 [usec)

T= [seconds]

Step No. 2 Calculate the secondary voltage, Vs, required by the three outputs.

V.4V,

[volts]

- 13.3 use 14 [volts]

vl

Voltage factor = =V 0.95

15.0+1.0 1
V.o =( )( ) =37.4 use 37 [volts)

0.45 0.95
28.0+1.0 1
- = 67.
Ve ( 0.45 )(0.95) 67.8 use 68 [volts]

Step No. 3 Calculate the minimum duty ratio, Pmin.

V.+V, | V.
D = 0 d min
e ( vs I Vmax ]

5+1.0Y 22
Dmi""( 14 )(35)

Din = 0.269

min
Step No. 4 Calculate the transformer secondary turns, Ng
N, = (-A«,\VO [turns]

V)

N, = (214 =28 [turng]
N., = (237 =74 [turng|
N,;; = (2)68 = 136 [turns]
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Step No, 5 Calculate the delta current, Al, using minimum currents.

N N
Al =21, +]1 °2)+I( °3D
(01 oz(N01 03 N,, amp s

A1=2(0 5+ 0. 2(74) 01(136)) camps]
28 28

Al= 3.03 [amps]
Step No. 6 Calculate the required inductance, L.

A\ VE “Du)T henuy]

_ (5.0 + 1.0)(1 - 0.269 )(20x104)
T (3.03)
L = 28.95 use 29 [uh]

[henry]

Step No. 7 Calculate the equivalent maximum current, Imax-

N N,
Loy =1+ 1| =% )+ 1 (——03 )
01 oz( N, 03 N,, | s

I =50+ 1.0(7 ) 10(136)
2 28 tcamps]

Luax = 12.5 [amps]

Step No. 8 Calculate the equivalent peak current, Ipk-

Al
ka’oimax) g\) [ampS]

I, = 125+————- [amps]

pk

1

14.02 [amps]

pk
Step No, 9 Calculate the energy-handling capability in watt-seconds, w-s.

LI?
ENG = T*’* [w -s)

ENG (30X102)(14 02)[ S,

ENG = 0.00285 [w -s]
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Step No. 10 Calculate the total output power, P..

P, = (Vyglon )+ (V0021002)+ (Vooaloos) [watts]
PO = (5.0)(5.0)+(15)(1.0)+ (28)(1.0) [waits]
PO =68 [watts]

Step No. 11 Calculate the electrical conditions, K..

K,=0.145P,B2x10™

K, = (0.145)(68)(0.25)°x10™
K, = 0.0000616

Step No. 12 Calculate the core geometry, Kg.

Core number --

2
K, =(ENEZ<GY) e
N
(0.00285)°
‘g= (0.0000616)(1) *™

Kg = 0,132 [em®]

Manufacturer

Magnetic path length -------

Core weight -

Copper weight
Mean length turn --

Iron area -

Window Area
Area Product

Core geometry
Surface area -

Core Permeability

Millihenrys per 1000 turns

248

Step No. 13 Select from Table 6.1 an MPP powder core comparable in core geometry Kg.

MP-55076
Magnetics Inc.
MPL =8.98 cm

- Wtf, = 52 grams

Wtc,= 60.4 grams
MLT =454 cm

A, =0.683 cm’
Wa = 3.74 cm’
A,=256 cm’
Kg=0.154 cm?’

At = 66.2 cm?
mu=60

mh = 56



Step No. 14 Calculate the number of turns, N, for the 5 volt output.

L
N = 100Q/~  [turns]
Lirooy

_ 029
N—lOOO\f-% [turns]

(@

N = 22.7 use 23 [turng]

Step No. 15 Calculate the current density, J, using a window utilization Ku = 0.4.
Use the current from step 7.

NI )
J- WK [amps/ cm?)
]_(23)(125) [amps /cm’]
T (3.74)(4)

J =192 [amps/ cm’]

Step No. 16 Calculate the number of turns for the 15 volt and the 28 volt output.

N1oz- NO;\,NW [turns]
01

_ (74)(22)
1.02 - (28)

NN
N,y = —2-L9% Tturns]
L03 Nm

= 58.1 use 58 [turng]

N 03" % = 106.8 use 107 [turns]

See Engineering Design Note No. 17.

Using 22 turns instead of 23 turns on the inductor reduced the ratio error.

Step No. 17 Calculate the required permeability, Ap.

_ (B, )(MPL)x10*
7 0an(W, ) )K)

_ (,25)(8.98)x10*

" (1.256)(3.74)(192)(0.4)
A =622

See Engineering Design Note No. 18.
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Step No. 23 Calculate the copper loss, P, for the 5 volt output.

Pooy =1 01R01 [watts]
P.o = (5.0)°(0.00659) [watts]
P_ = 0.165 [watts]

[a!

Step NC). 24 Calculate the required wire area, A, 0p,Aw03 for the 15 volt and 28 volt outpui.

I

Aw02&03 B % [Cm’]
1.0
Ao2e0s 1‘9‘5 [sz]

A, 000 = 0.00521 [c']

Step No. 25 Select a wire size with the required area from the wire Table 9.1, If the area is not
within 10% of the required area, then go to the next smallest size.

AWG=#20
A,y = 0.00519 [cm’]
U [ cm=332

Step No. 26 Calculate the winding resistance, Ro2, for the 15 volt output,

Ry = MLT(Noz 6%)X10"{’ [ohms]

Ry,= 4.54(58)(332)x10'[ohms]
Ry, = 0.0874 [ohms]

Step No. 27 Calculate the copper loss, Py g2, for the 15 volt output.

Peuoz = 15:Roz [watts]
P..0o = (1.0)°(0.0874) [watts]
P..0, =0.0874 [watts]

Step No. 28 Calculate the winding resistance, Ro3, for the 28 volt output,

Ry, = MLT(N )g? x10-¢ [ohms]
| =4.54(107)(33%)x10+ [ohms]

= 0.161 [ohmsg]
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Step No. 29 Calculate the copper loss, P03 for the 28 volt output.

Peugs= I5aRes [Watts]
Py = (1.0)2(0,161) [watts]
P = 0.161 [watts]

Step NO. 30 Calculate the total inductor copper loss, Ptcu-

Ptcu = PcuOl + Pcu02 + Pc;403 [WattS]
P, = (0.165)+(0.0874)+(0.161) [watts]
P,,= 0.413 [watts]

tcu

Step No. 31 Calculate the regulation, a, for this design.

)
a= L'“‘X loo [%]
I)

[4]

(0.41 3)
= (68)
a=0.608 [%]

x100 [%]

Step No. 32 Cdculate the magnetizing force in oersteds, H.

(0~4”)N01kao1 [ocrsteds]
MPL

j (1256)(29)(14.02)
8.98
H = 43.1 [oersteds]

See Engineering Design Note No. 8.

Step No. 33 Calculate the ac flux density in tesla, Bat.

Aly,

(0.47)(Ny,) 2 (u)x10™

B, = D [tesla]
(1.256)(22) 3.03 (60)x10"

Bnc = (8 928 ) [teSIa]

B,, =0.0280 ([tesla]
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Step No. 34 Calculate the watts per kilogram ,WK.

WK = 5. 51x10°(f)" (B, )*™* [watts / kilogram]

WK=5,51x10-3 (50000 )“*(0. 0280)*1” [watts / kilogram]
WK = 1.69 [watts kilogram] or [milliwatts /gram]

Step No. 35 Calculate the core loss, Pf,.

(4

_ (milliwatts

-3
Pe=| “gram )w,,,xlo

watts]

P, =(1.69 )(52)x10-3 [watts]
P, = 0.0879 [waitts]

Step No. 36 Calculate the total loss, Py, core I'fe and copper Pey, in watts.

Py =P, + P, [watts]
P, =(0.0879)+ (0.413) [watts]
P, =0.501 [watts]

Step No, 37 Calculate the watt density, A.

a=tx [watts / cm’]
A,
0.501

A=-""C [watts/ cm?
660 Lwatts/ em’]

A = 0.00757 [watts cm?]

Step No. 38 Calculate the temperature rise in degrees C.

T, = 450( 4)**9 [degrees C]

T, = 450(0.0075)°*’[degrees C]
7, = 7,96 [degrees C]
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Step No. 39 Calculate the window utilization, Ku.

A.=S,NA,, [om]

A.r = (4)(22)(0.00653) = 0.575 [cm’] , 5 volts
Ao = (1)(58)(0.00519) = 0.301 [cm?], 15 volts
A*,., = (1)(107)(0.00519) = 0,555 [em?], 28 volts
Ap = Ao + App + Az [em’]

A,, = (0,575)+ (0.301)+ (0.555) [cm?]

A,, = 143 [cm?]

‘K= éﬂ = 1042 =(,382
. 3.74
Desire Summary
Core Part Number MP-55076

Magnetic Material

Molypermalloy Power

Frequency 50kHz

‘ Flux Density 0259 T
Core Loss 0.0879 W
Permeability 60
Millihenrys per 1K Turns 56
Window Utilization Ku 0.380
Winding Number | 2 3
AWG 19 20 20
Strands 4 | 1
Total Turns 22 58 107
Resistance Q 0.00659 0.0874 0.161
Copper Loss 0.165 w 0.0874 W 0.161W
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Single Ended Forward Output Inductor Design
using a High Flux Toroid Core
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Figure 3.20 Single ended forward converter.

Single Forward Output Inductor Design specification

FrEOUEICY oo f=50kHz

OULPUL VOITAGE .o Vo =10 volts
OULPUL CUMTENT oo Io(max) ~35 *"p *
Output current . v ogminy = 0.5 amps
Deltacurrent.................. P P P PP PPPPPPPPPS Al =0.5 amps
Input voltage max. ...l Qv Vs1(max) = 36 volts
Input voltage Min. ... Vs1(min) = 24 volts
Regulation ..o a= 10040

OUutpUL POWET ..o PR 0. Py 35 watts
Operating flux density ..o By, = 03 tesla
Window utilization ... Ku= 0,4

Diode VOItage drop ..ot Vd=1.0 volt

This design procedure will work equally well with all of the various powder cores, Care must
be taken regarding maximum flux density with different materials.
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. Step No. 1 Calculate the total period, T.

T

1 ”

1
7 ¢seconds]

50_660 [seconds]

T = 20 [usec]

T

I

Step No. 2 Calculate the minimum duty ratio, Dmin.

\%
D . =.-2
min Vmax
Dmin = }2
36
D, =0.277

min

Step No. 3 Calculate the required inductance, L.

T(V, +V,)(1- D)

L= Al [henry]
20x107°)(10 + 1.0)(1 - 0.277
® T G U (G BT
0.5
L = 318 [ph]

Step No. 4 Calculate the peak current, ka.

Al
Ipl!oz(max) + (7) [ampS]

_ 0.5
I, = (3.5)-% —7) [amps]

I,73.75 [amps]

Step No.5 Calculate the energy-handling capability in watt-seconds, w-s.

LT,
ENG =~ [W-S]

(318x109)(3.75)°. s
= [w-

2
ENG = 0.00224 [w -]

ENG
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‘ Step No. 6 Calculate the electrical conditions, Ke-

K,=0.145P B x10™
K, = (0.145) (35)( 0.3)’x10"
K, = 0.0000457

Step No. 7 Calculate the core geometry, Kg.

K - (ENERGY)?
8 K«

(0.00224)
“ 7(0.0000457)(1.0) ™!

K,=0.110 [cm]

[em®)

See Engineering Design Note No. 4.

Step No. 8 Select from Table 6.2a High Flux powder core comparable in core geometry Kg.

COre NUMDEY ======mmmm e e HF-58076
Manufacturer - Magnetics

‘ Magnetic path length - - - MPL=8.98cm
Core weight ----=====mmmmmmmmsssssmmmmmmmmmsssssssso e Witf,= 52.0 grams
Copper weight ~============mmmmmmmmmmmmmmmommmmommmmmme oo Wt = 60.5 grams
Mean length turn - - - - - --—--  MLT =454 cm
Iron area A =0.683 cm’
Window Area === W,=3.746 cm’
Area Product A,=2.56cm’
Core geometry Kg= 0.154 cm’
Surface area ----- At= 66,2 cm’
Permeability H=60
Millihenrys per 1000 turns rnh=56

Step No. 9 Calculate the number of turns, N.

L
N = 1000 [turng]
Lroooy

NleOC)\/'—:—;—lé§ [turns]
N = 754 use 75 [turng|
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' Step No. 10 Calculate the rms current, Irms.
lrms:‘\llf(max) + AIz [ampS]

T =/(3.57 +(0.5] [amps]
1. = 3.54 [ampg]

rms

Step No. 11 Calculate the current density, J, using a window utilization Ku =0.4.

NI ;
]:WaKu [amps/ cm’]
J- (75)(3-54) [amps/cm’]

(3.75)(.4)

] = 177 [amps/ cm’]

Step No. 12 Calculate the required permeability, Ap.

_ (B,,)(MPL)x10*
0' 4ﬂ(wa )(])(Ku)

Ay (0-3)(8.98)x10"
‘ H= (1.256)(3.75)(177)(0.4)
Ay = 80.8 use 60 perm

See Engineering Design Note No. 9.

Step No. 13 Calculate the peak flux density, B

m*

_ 0.47t(N)(ka)(yr)x10“4

B = [tesla]
" MPL
B, = 1. 256(75)(3.75)(60)x104 ftesla]
(8.98)
B,,=0.236 [tesla)
Step No. 14 Calculate the required bare wire area, Ayw(p)-
I
Ayg =2 [em’]
J
3.54 2
=—— |tm
w(B) 177 [ ]

A = 0.02 [em’]
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. Step No. 15 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10?4. of the required area, then go to the next smallest size.

AWG =#14
A, = 0.0208 [cm']
U/ cm=82.8

See Engineering Design Note No. 7.

Step No.16 Select a equivalent wire size with the required area from the wire Table 9.1

A WG =# 20
A5 = (4)(0.00519) [cm’]
A, = 0.02076 [em’]

Q/cm= :
U2/ cm=83.
Step No. 17 Calculate the winding resistance, R.

’ P
R = MLT(N)-‘LLQJ x107¢ [ohms]

\cm
R =4.54 (75)(83)x10-G  [ohms]
R = 0.0283 [ohmsg]

Step No. 18 Calculate the copper loss, P,

Pm=13_R [watts]

P, = (3.54)%(.0283) [watts]
P, =0.355 [waitts]

Step No, 19 Calculate the magnetizing force in oersteds, H.

0.4m)NI
H =w [oersteds])
MPL
H-——(l’256)(75)(3'75) [oersteds]
8.98

H = 39.3 [oersteds]

See Engineering Design Note No. 8.
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Step No. 20 Calculate the ac flux density in tesla, Bat.

G4 n)(N)(%I)(‘u,)xlO"

" MPL

B__(1.256 )(75)( 0.25)(60 )x10™*
‘ 8.98

B,. = 0.0157 [tesla]

[tesla]

[tesla]

Step No, 21 Calculate the regulation, a, for this design,

P
@ x100 [%
o X [%)

o

_ (0.355) o
o= 35 x1 00 %)

a=1.01 {%]

o=

Step No. 22 Calculate the watts per kilogram, WK, using High Flux power cores Figure 6.6.

WK = 1.26x10°2 (f)"““(B,)** [watts/ kilogram]

WK = 1. 26x1.07(50000 )**9(0. 0157)"** [watts/ kilogram]
WK = 1.94 [watts/ kilogram] or [milliwatts/ gram]

Step No, 23 Calculate the core 10SS, T, .

watts]

(milliwatts

Pj’e =l
gram

P, =(1,94)(52)x10-3 [waits]
2, = 0.101 [watts]

jw‘,,xlo--3

Step No. 24 Calculate the total loss, Py, core Pge and copper Peu in watts.

Py =P, + P, [watts]
Py = (O. 101)+ (0.355) [watts]
P; = 0.456 [watts]
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. Step No, 25 Calculate the watt density, A.

=tz

«s

_ 0456 [watts cm’]
66.2
A = 0.00689 [watts cm’]

Step No. 26 Calculate the temperature rise in degrees C.

[watts / em?)

T,=450(/1)(°'826) [degrees C]
7, = 450(0.00689 )“*’[degrees C]
T, = 7.37 [degrees C]

Step No. 27 Calculate the window utilization, Ku.

NS, A

n‘ w(B)

W

a

« - (75)(4)(0.00519)

" (3.75)
o

K,=0.415

K

u

See Engineering Design Note No. 28.
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Desire Summary

Core Part Number
Magnetic Material
Frequency

Flux Density

Core Loss
Permeability

Millihenrys per 1K Turns
Window Utilization Ku

AWG
Strands
Total Turns
Resistance Q

Copper Loss

HF-58076

High Flux Powder Core

50kHz
0236 T
0.101 w
60

0.0283
0.355 w
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10.
11.
12.

321

Push-Pull Output Inductor Design using a
High Flux Powder Core

T1
CR1
M
o1 1 4 Va1
L]
ca o Np g'Nﬂé / :
——
M+ | Lile oo T ° +
Jl 2 5 L1
3 6 TS VO
C2| RI1
M
? CR2 O -
O«—> 0 lin
Y +
m
Figure 3.21 Push-Pull converter with a single output.
Push-Pull Output Inductor Design specification

FreqQUENCY .o f =100 kHz
OUutpUt VOITAgE ..o V.= 10 volts
OULPUL CUFTENT ..o, B Io(max) = 3-5amps
OUutpuUL CUITeNt ..o Io(min) = 0.5 amps
Delta CUurrent ..o v Al 0.52amps
INPUL VOILAGE MAX. ... Vs1(max) = 18 volts
Input voltage Min. ... Vs1(min) = 12 volts
Regulation ... o=10%
OULPUL POWET i P.= 35 watts
Operating flux density . ... B.,= .3tesla
WIndow UEIZAEION . ... Ku=04
Diode voltage drop ...........ccooiiiiiiiii Vd = 1.0 volt

This design procedure will work equally well with all of the various powder cores. Care must
be taken regarding maximum flux density with different materials. “
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Step No. 1 Calculate the total period, T.

7=l
= 7 gseconds]
T= 100000 [seconds]

T =10 [usec]

Step No, 2 Calculate the minimum duty ratio, Pmin.

_10
min 18
D_. = 0555

D

Step No. 3 Calculate the required inductance, L.

L= T(Vo + Vd)(1 B Dmin)

N [henry]
;. (10)(10X 1% ;(H)(l— 0.555) [henry]
L = 97.9 use 98 [uh}
Step No. 4 Calculate the peak current, Ipk-
Al
I ka o?max) + 2 [ampS]

0.
I, = (3.5)+ — [amps
w = @85 5 [amps]
Ly = 3.75 [amps]

Step No. 5 Calculate the energy-handling capability in watt-seconds, w-s.

LI?
ENG = ——Zﬂ [w-s)

98x107° :
ENG(= X ;(3 75)2

ENG = 0.000689 [w -s]

[w-s]
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‘ Step No. 6 Calculate the electrical conditions, Ke.

K,=0.145p B2x10™
K, = (0.145) (35)(0.3)*x10"
K, = 0.0000457

Step No, 7 Calculate the core geometry, Kg.

i &ENERGY) [em®]
K o

e

(0.000689)°

K

“ ~(0.0000522)(1.0) ‘°™!

K,=0.0104 [em?®)

Core number

Manufacturer

Magnetic path length

Core weight

Copper weight
Mean length turn

Iron area

Window Area
Area Product

Core gEOMELIY --======mmmmmmm oo oo

Surface area -----

Permeability ------scommemmeem e

Millihenrys per 1000 turns

Step No. 9 Calculate the number of turns, N.

L(new)
N = 1000"= [turng]
L(1000)
N=1000.-28 [turng]
32

o

N =55 [turns]
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Step No. 8 Select from Table 6.2a High Flux powder core comparable in core geometry Kg-

HF-58848
Magnetics

MPL =5.09 cm
Wtfe = 10.0 grams
Wt = 10.9 grams
MLT =264 cm
Ac=0235 cm’

W . =1.167 cnv’
A,= 0274 cmd
Kg = 0.00973 cm®
At= 21.6% cm’
H=60

mh =32




. Step No. 10 Calculate the rms current, Irms.

]rms = \/iimax) * A’IZ ’_amps]

Irms = V(B'S)2 + (0‘5)2 [ampS]
L. =354 [amps]

Step No. 11 Calculate the current density, J, using a window utilization Ku = 0.4.

NI
JTWK,
| (55)(3.54) [amps/cm?]

[amps / cm’]

"(1.167)(.4)
] =417 [amp /cm?]

Step No. 12 Calculate the required permeability, Ap.

= (Bm)(lvjpl;)X104
H 0.4, ))(K,)
1. (03)(509X10"
® H= (1.256)(1.167)(417)(0.4)

Al =624 use 60 perm
See Engineering Design Note No. 9.

Step No. 13 Calculate the peak flux density, B,.

_0.4x(N)(1e J(u, )x10™

B [tesla]
" MPL
_1.256(55 )(3.54)(60)x10_°
B, = (5.00) [tesla)

B, = 0.288 [tesla)

Step No. 14 Calculate the required bare wire area, Ay(B)-

I""L‘ 1
Aupy ~ ] [cm’]
3.54
w(B) = 417— [Cm2]

A, = 0.00849 [cm’]
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Step No. 15 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.

AWG =# 18
A,z = 0.00823 [cm*]
U/ cm =209

See Engineering Design Note No. 7.
Step No. 16 Select a equivalent wire size with the required area from the wire Table 9.1.

AWG =#21
A = (2(0.004116) [cm*]
A5 = 0.00823 [cm*]

U/ cm= @
UL /cm=2

Step No. 17 Calculate the winding resistance, R.

R = MLT(N% x10  [ohms]
R =2.64(55)(2 {(10< [ohms]
R = 0.0303 [ohms]

Step No. 18 Calculate the copper loss, I’,..

Pcu = IzmsR [WattS]
= (3.54)°(.0303) [watts]
P,, = 0.380 [watts]

Step No. 19 Calculate the magnetizing force in oersteds, H.

_ (0.47)NI,  [oersteds]
~ MPL
_ (1.256)(55)(307°) [oersteds])

5.09
H = 50.9 [oersteds]

See Engineering Design Note No. 8.
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Step No, 20 Calculate the ac flux density in tesla, Bat.

Al "
0.4 m)(N)| = |(i,)x10
(o4 (5 o ]
a MPL

=(l. 256)(55)(0.25)(60)x10™

B,
5.09
B,. = 0.0204 [tesla]

[tesla]

Step No. 21 Calculate the regulation, a, for this design.

05:%“ Xloo [%)

4

(0.380)
*-(35)
a=1.09 [%]

x100 [o/o]

Step No. 22 Calculate the watts per kilogram, WK, using High Flux power cores Figure 6.6.

WK = 1.26x1 02(f)"*(B, ) ** [watts / kilogram]

WK = 1. 26x1 0*(100000 )1’**(0.0204)** [watts/kilogram]
WK =10.5 [wattd kilogram] or [milliwatts /gram]

Step No. 23 Calculate the core loss, Pfe .

woatts ]

N (milliwatts

P, = W, x107
s gram ) vex

P, =(10.5)(10 )x10-3 [watts]
P, = 0.105 [watts]

Step No. 24 Calculate the total loss, Py, core Pf,and copper P¢y, .

Py = P,+ P, [watts]
P; = (0.105)+ (0.380) [watts]|
P; =0.485 [watts]
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. Step No. 25 Calculate the watt density, A.

A= L [watts /cm']
A,
0.485
=—— [watts/ cm’
A 21.7 [ ]

A = 0.0223 [watts/ cm']

Step No, 26 Calculate the temperature rise in degrees C.

T, = 450(1)*% [degrees C]
T, = 450(0.0223 )" [degrees C]
T, = 19.4 [degrees C]

Step No. 27 Calculate the window utilization, Ku.

NS"Aw(B)

u Wa

(55)(2)(0.004116)
" (1.167)

. Ku= 0,388

K

1
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Desire Summary

Core Part Number
Magnetic Material
Frequency

Flux Density

Core Loss
Permeability

Millihenrys per 1K Turns
Window Utilization Ku

Winding Number

AWG
Strands

Total Turns
Resistance Q

Copper Loss

HF-58848

High Flux Powder Core
100kHz

0288 T

0.105 w

60

0.0303
0.380 W
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. Step NO. 1 Calculate the total period, T.

T = 1 [seconds]
f

, 1

T= seconds
Sy e

T =20 [usec]

Step No. 2 Calculate the maximum on time, ton.

t= % =10 [usec]

tnn(max) =t- ttu, [NSCC]
fm(nm) =10 -1 [usec]
ton(max) =9 [“S(".C]

Step No. 3 Calculate the maximum on duty ratio, Dmax-

ion max

Dmax = (T )
9.0
® Prec =20
D,.. =0.45

max

step No. 4 Calculate the maximum apparent secondary power, Pts-

P,=1V,N2 [watts] tapped winding
Py = (0.1)(10)(1.41) = 1.41 [watts]
P, = (0.1)(10)(1,41)= 1.41 [waits]
P, =P, T P, [watts]

P, =(1.41)+ (1.41)= 2.82 [wats]

Step No. 5 Calculate the apparent power, Pt.
1
P,=P, (— + 1) [watts]
n

282 1y 1 tt
P (og7 1ytwatts]
P, = 5.73 [watts]
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Step No. 6 Calculate the electrical conditions, Ke.

K, =0.145(K, Y'(f)’ (B, )'x10™

K, = (0.145)(4.0)’ (50000)°(0.1)°x10™
K, = 5800

Step No. 7 Calculate the core geometry, Kg.

__h ,
¢ 2K« lem’]
(5'7i)__ [CmS]

£2(5800)(1)
K,=0.000494 [cm]

Sce Engineering Design Note No. 4.

Step No. 8 Select from Table 4.14 a toroidal core comparable in core geometry Kg.

Core number TC-41005
Manufacturer---------cocmmeom e e Magnetics Inc.
Magnetic material P, Hi= 2500
Magnetic path length MPL =207 cm
Core weight Wife = 1.20 grams
Copper weight Wicu = 0.96 grams
Mean length turn MLT= 153cm
IFON Area--------m-comomem oo e e - Ac = 0.107 cm2
Window area Wa = 0.177 cm?
Area product A, = 00190 cm?
Core geometry Kg= 0.000531 cm’
Surface area At=4.92 cm’
Millihenrys per 1000 turns mh = 1650

Step No. 9 Calculate the total secondary load power. I'to-

PO =1,V [watts]

P, = (0.10)(10) [waitts]
P, =(0.10)(10) [watts]
pP,=P,+ PO, +P,, [watts]
P, =(1,0)+ (1.0) [watts]
P, = 2 [watts]

to
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. Step No. 10 Calculate the average primary current, li..

I = Lo [amps]
in V n s

P

1, (]2)(0.975 [amps]

I, = 0.172 [ampsg]|

Step No. 11 Calculate the primary voltage, VP.

V,=(V.)-2(I,R,) [volts]
V,=(12) - 2(0.172)(5.0) [volts]
V,=10.3 [volts]

Step No. 12 Calculate the primary turns, Np.
_VIX104
P K B.fA,

(10.3)X10'
P*(4.0)(0.10)(50000)(0.107)

. N, =48 [turns]

See Engineering Design Note No. 2.

[turng]

[turns]

Step No. 13 Calculate the current density, J, using a window utilization K;; = 0.32.

- —])‘11-0—4 [amps / cm’]
’ KfKuB,,LfA,,'
(5.73)X104
* (4.0)(0.32)(0.10)(50000)(0.019) ‘amps * ™’

J = 471 [amps/cm’]

J

Step No, 14 Calculate the primary rms current, Ip(rms)-

I
1 e
p(rms) m [ am pS]
1 - Oge 172 a m S
p(rms) (O 94é) p ]

..., =0.181 [ampsg]
__No. —

.
|

T 274
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Step No. 15 Calculate the primary wire area, Awp-

A, =+ [cm’]

wy

_0.181 [cm']
471
A,, = 0.000384 [cm']
Step No. 16 Calculate the skin depth, y. The skin depth will be the radius of the wire.

6.62

Y - \-/7“ [em]

y = 0.0296 [cm]
See Engineering Design Note No. 1.

Step No. 17 Calculate the wire area.

wire, = n(y)" [cm’]

wire, = (3.14)(0.0296)*[cm’]
wire, = 0.00275 [cm’]
Step No. 18 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size.
AWG =#23
A= 0.00259 [cm']
U2 7cm= 666
A= 0,00314 [em?] with insulation
See Engineering Design Note No. 3.

Step No. 19 Select a wire size with the required area from the wire Table 9.1, If the area is not
within 10% of the required area, then go to the next smallest size and record the resistance in
1n&/em.

A,, = 0.000384 [cm’]
AWG #31
Ay = 0.000401 [cm’]

U/ cm = 4295
See Engineering Design Note No. 3.
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Step No. 20 Calculate the primary winding resistance, Rp.

R, = MI,T(NP)(“Q)XIO”S [ohms]
R, =153 (48)(4295)x10-6 [ohms]
R, = 0.316 [ohms]

Step No. 21 Calculate the primary copper loss, I’

P,=I’R, [watts]
P, =(0.181)°(0.316) [waitts]
P,=0,0103 [watts]

Step No. 22 Calculate the secondary turns, Ngp1, each side of center tap.

,,,,,, (A' [turns]

N 481]6)314(% [turns]

N, =47 [tur\)

See Engineering Design Note No. 2.

Nsm'_

Step No. 23 Calculate the secondary wire area, Aws01. Because of the center tap winding the
current is multiplied the square root of the duty ratio, YDmax-

‘ D
Awqm — sO1 '\[ max [sz]

0.10(0.671)
ws0 T 471
A, = 0.000143 [cm?)

[em?)

Step No. 24 Select a wire size with the required area from the wire ‘I’able 9.1. If the area is not
within 0. of the required area, then goto the next smallest size.

AWG=# 35
Aumy ™ 0.000159 [cm?)
1 / em= 10850

See Engineering Design Note No. 3.
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Step NO. 25 Calculate the secondary winding resistance, Rs01-

12 _1a- hm
R, = MLT(Nsm)(*C—n;xlo ¢ [ohms]

R,o; = 1. 53(47)( | 0850) x10-G [ohms]
R, = 0.780 [ohmsg]

Step No. 26 Calculate the secondary copper loss, gp1

——————— -\2
PsOl = (Isl)l '\/>Dmax) R [WattS]
P, = (0.10 (0.671))*(.780) [watts]
P, = 0.00351 [watts]

Step No. 27 Calculate the secondary turns, Ns02, each side of center tap.

N (Vo) 4, @
Ngm= /222 14 [turns]
v, ( 100)
48(10) , 1

Nso2 - =53 (]+ 100 [turns]

N, =47 [turng]
See Engineering Design Note No. 2.

Step No. 28 Calculate the secondary wire area Aws(02- Using a center tap winding the current is
multiplied the square root of duty ratio, YDmax-

1oy VDo
Au,soz ) 502 \/» max [Cm2 ]

_0.10(0.671) 2
w2 = 7471 [em?]

A,.; = 05000143 [cm?]
See Engineering Design Note No. 3.

Step No. 29 Select a wire size with the required area from the wire Table 9.1. If the area is not
within 10% of the required area, then go to the next smallest size and record the resistance in
2 /em.

AWG=# 35
A= 0.000159 [cm’]
12 [ cm = 10850

277




. Step No. 30 Calculate the secondary winding resistance, Rg02.

Rgy = MLT(N,,) 482 x10°¢ [ohms]
)
R, =1. 53(47 )(10850)x10-6 [ohms]

R, = 0.780 [ohmsg]
Step No. 31 Calculate the secondary copper 10SS, Py

2

Py :(1502 \ﬁ)max) R [watts]
P, = (0.10(0.671))°(.780) [watts]
P, =0.00351 [watts]

Step No. 32 Calculate the total copper loss, I',.

P, = Pp + P + Py, [watts]

> =(0.0103)-t (0.00351 )-t (0.00351) [watts]
P, = 0.0173 [watts]

’ Step No. 33 Calculate the regulation, o, for this design.

I)
o =— x| 00[%)]
P

[4f

_ (0.0173) x100 [%]
(2)

o = 0.866 [%]

Step No. 34 Calculate the window utilization, Ky,.

A.=NS,(A,) [en~1

A,y = (48)(1)(0.000401)= 0.0192 [em?]
A, =2(47)(1)(0.000159)== 0.0149 [cm?]
A, = 2(47)(1)(0,000159)= 0.0149 [cm’]
A,,=(0.0192)+-(0.0149)+ (0.0149) [cm’]
x,-000490 277

W, 0177
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Step No. 35 Calculate the flux density, By.

_ VPX104
KffAch

_ (10.3)X10'

" (4.0)(50000)(0.107)(48)

B,, = 0.100 [tesla]

[tesla]

m

[tesla)

See Engineering Design Note No.5.

Step No. 36 Calculate the watts per kilogram ,WK.

WK = 3.18x10*(f)"* (B, )™ [watts/ kilogram]

WK = 3.18x10*(50000 )**" (0. 200)* ™" [watts / kilogram]
WK = 7.09 [watts/ kilogram] or [milliwatts/ gram]

Step No. 37 Calculate the core loss, Pfe .

watts]

P, = (mllhwatts JwtjzX] 03
gram

P,= (7.09 )(1.2)x10-3 [watts]

P, = 0.00851 [watts]

Step No. 38 Calculate the total loss, Py, core Pg, and copper P, in watts.

%y = Py + P, [watts]
, = (0.00851)+ (0.0173) [watts]
P, = 0,0258 [watts]

Step No. 39 Calculate the watt density, A.

)
A= Py [watts/ cm?]
A

Azof—g?[watts / cm’]

A =0.00524 [watts/ cm?]
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Step No. 40 Calculate the temperature rise in degrees C.

Design Summary

Core Part Number
Magnetic Material
Frequency

Flux Density

Core Loss

Permeability
Millihenrys per 1K Turns
Window Utilization Ky

Winding Number

AWG
Strands

Total Turns
Taps
Resistance
Copper Loss

T, = 450( /l)(o'm) [degrees C]
T, = 450(0,00524 ) *"’[degrees C]

T

w

, = 5.88 [degrees C]
TC-41005

1’ Ferrite

50kHz

0.11

0.00851 w

2500

1650

0.277

| 2

31 _;

l l

48 94
None Center
0.316 0.780
0112 w 0.00351 w

280
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Center
0.780
0.00351 w
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Introduction to Soft Ferrites

In the early days of the electrical industry, the need for the indispensable magnetic material was
served by iron and- its magnetic alloys. However, with the advent of higher frequencies, the
standard techniques of reducing eddy current losses, using laminations or iron powder cores,
was no longer efficient or cost effective.

This realization stimulated a renewed interest in “magnetic insulators” as first reported by S,
Hilpert in Germany in 1909. It was readily understood that if the high electrical resistivity of
oxides could be combined with desired magnetic characteristic, a magnetic material would result
that was particularly well suited for high frequency operation.

Research to develop such a material was being performed in various laboratories all over the
world, such as by V. Kate, T. Takei, and N. Kawai in the 1930's in Japan and by J. Snoek of the
Philips’ Research Laboratories in the period 1935-45 in the Netherlands. By 1945 Snoek had laid
down the basic fundamentals of the physics and technology of practical ferrite materials. In 1948,
the Neel Theory of ferromagnetism provided the theoretical understanding of this type of
magnetic material.

Ferrites are ceramic, homogeneous materials composed of oxides; iron oxide is their main
constituent. Soft ferrites can be divided into two major categories, manganese-zinc ferrite and
nickel-zinc ferrite. In each of these categories many different MnZn and NiZn material grades
can be manufactured by changing the chemical composition or manufacturing technology. The
two families of MnZn and NiZn ferrite materials complement each other and allow the use of soft
ferrites from audio frequencies to several hundred megahertz.

Manganese-Zinc Ferrites

This type of soft ferrite is the most common, and is used in many more applications than the
nickel-zinc ferrites. Within the Mn-Zn category, a large variety of materials is possible.
Manganese-zinc ferrites are primarily used at frequencies less than 2 MHz,

Nickel-Zinc Ferrites

This class of soft ferrite is characterized by its high material resistivity, several orders of
magnitude higher than MnZn ferrites. Because of its high resistivity, NiZn ferrite is the material
of choice for operating from 1-2 MHz to several hundred megahertz.

284




Ferrite Material Cross Reference Guide
Permeability | 1500 | 2300 | 2500 | 3000 | 5000 | 10000 |
Application Power Power |  Power Power Filter Filter
Manufacturer's Material Designation |
Magnetics T x Z R l P op F ] W g
ThomsonLCC | | 12| B2 | B1 Ad AZ | E
Philips Components | 3F4 | 3F3 | 3css | 3c81 | 3E2A | 3E5 | g
Fair-Rite | 78 \ s | \ 75 \ 76 | g
Siemens Na7 | Ne7 | | ~Na | T35 | 13 | 5
TDK Corp. Pcs0 | PC40 | PC30 | | HsB | HsC2 | %
Neosid F-44 F-5 F-10 i
Ceramic Magnetics MNB8CX MN80 MN-60 MN60 MC25 §
Tokin 2500B2 | 25008 3100B |  6000H 12001H 2
Ferrite International | | TSF05 | TSF10 | TSE-15

. High frequency power material 250 kHz & up.
. Lowest loss at 80”-100"C, 25 kHz to 250 kHz.
. Lowest loss at 60°-80°C.



Ferrite Core Manufacturers

Engineering Notes

Magnetics Inc.

900 East Butler Road

P. C). Box 391

Butler, Pennsylvania 16003

Phone (412) 282-8282

FAX (412) 282-6955 Rep. No. __ ..___..—.

Ferrite International

15280 Wadsworth Road

Wadsworth, Illinois 60083

Phone (312) 249-4900

FAX (312) 249-4988 Rep. No

Ceramic Magnetics Inc.

16 Law Drive

Fairfield, New Jersey 07004
Phone (201) 227-4222

FAX (201) 227-6735 Rep. No._._..

Fair-Rite Products Corp.

1 Commercial Row

Willkill, New York 12589

Thone (914) 895-2055

FAX (914) 895-2629 Rep. No..__

Philips Components

Materials Group

5083 Kings Highway

Saugerties, New York 12477

Phone (914) 246-2811

FAX (914) 246-0486 Rep. No.__ . ..

TDK

M H & W International Corp.

14 Leighton Place

Mahwah. New Jersey 07430

Phone (201 ) 891-8800

Fax (201 ) 423-3716 Rep, No._
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Ferrite Core Manufacturers (cent) ] ]
‘ Engineering Notes

Thomson LCC

r.O. Box 1127 .

Vestal, New York 13851-1127

Thone (607) 729-2811

FAX (607) 729-9390 Rep. No

Siemens Components, Inc.

Ferrite Products

186 Wood Avenue South

Iselin, New Jersey 08830-9980

Phone (908) 906-4300

FAX (909) 632-2830 Rep. No

MMG/Neosid North America

126 Pennsylvania Ave.

Paterson, New Jersey 07724

P’hone (201) 345-8900

FAX (201) 345-1172 Rep. No

. Tokin American Inc.
155 Nicholson Lane
San Jose, California 95134
Phone (408)432-8020
FAX (408) 434-0375 Rep. No___
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Information about the Core Data Tables

[
2
&
g
5]
6]
y
(8
[
[10]
(1)
[12]

[13]

Part Number

The part number used is close approximation of the manufacturers part number.
MPL

The MPL is the mean magnetic path length in centimeters.

G Dimension

The G dimension is the overall core winding length for bobbin cores in centimeters.
Wife

This is the total weight of the cm-e in grams.
Wicu

This is the total weight in grams of the copper using a window utilization Xy, of 0.4.
MLT

The MLT isthe mean length turn in centimeters.

A

This is the minimum cross section of the core in square centimeters.
Wa

C

The is the total window area of the core in square centimeters.

Ap

1*he area product Ap is the core area Ac times the window area Wa in centimeters 4th.
Kg

The core geometry Kg is in centimeters 5th.

At

This is the overall surface area At of the magnetic component in square centimeters.
Perm

Perm is the permeability of the magnetic material such as (2500p).

AL

AL is the millihenrys per 1000 turns.
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RM Ferrite Cores
Manufacturer Magnetics Inc.

Part No. MPL G ‘tfe ‘tcu MLT A, W, AP ‘0 A Penn |
Ccm cm  grams grams cm em? cm? m? em® cm?
RM-41110 2.06 0.700 1.60 1.02 2.02 0.108 0.142 0.0153 0.000327 5.88 2500 750
RM-41510 2.14 0.630 3.00 1.50 253 0.210 0.167 0.0351 0.001160 8.01 2500 1409
RM-41812 2.17 0.798 540 2.65 3.11 0.380 0.239 0.0910 0.004440 11.40 2500 1930
KM-42316 3.80 1.074 13.00 6.73 4.17 0.640 0.454 0.2900 0.017820 20.20 2500 2200
KM-42819  4.40 1.240 23.00 11.81 5.20 0.980 0.639 0.6258 0.047180 29.60 2500 3300
RM-43723 569 1.680 42.00 22.21 6.10 1.400 1.025 1.4347 0.131820 44.50 2500 3750

ejeq 210D WY TP 2198l
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PQ Ferrite Cores
Manufacturer Magnetics Inc.

Part No. MFPL G ‘tfe w MLT Al AW A K A

a P g t
cm cm  grams grams cm cm? om? em? e cm?

Penn AL

tcu

PQ-42610  2.94 0239  15.00 2.32 5.54 1.050 0.1177 0.1235 0.00937 19.75 2500 6310
PQ-42614 333 0671  14.00 6.50 5.54 0.709 0.3304  0.2343 0.01200 21.35 2500 4585
PQ-42016  3.74 1001 13.00 6.62 4.34 0.580 0.4283  0,2484 0.01327 1737 2500 2930

PQ-42020  4.54 1402 15.00 9.27 4.34 0.580 0.6001  0..3480 0.01859 2021 2500 2410
PQ-43214  4.26 0671  21.00 10.38 6.55 0.896 0.4454  0.3991 0.02183 2760 2500 4450
PQ-42620  4.63 1117 31.00 10.54 5.54 1.090 0.5507  0.6003 0.04728 29.01 2500 4540

PQ-42625 555 1580  36.00 15.32 5.54 1.090 0.7785  0.8486 0.06683 33.24 2500 3750
PQ-43220 555 1.118  42.00 17.30 6.55 1.370 0.7423  1.0170 0.08505 3716 2500 5410
PQ-43230 7.46 2.098  55.00 3247 6.55 1.370 1.3935  1.9091 0.15966 4790 2503  3s10

vjeq 10D Od €9 3[qeL

PQ-43535  8.79 2.469  73.00 54.85 7.40 1.560 20851  3.2527 0.27440 6196 2500 3930
PQ-44040  10.19 2921 95.00 90.91 8.26 1.670 3.0939 5.1667 0.41760 7841 2500  34s0



RS Ferrite Cores
Manufacturer Magnetics Inc.

Part No. © MPL G die  ‘tcu MLT A, W, ‘p Kg A Perm . L
cm cm grams  grams CM cm? em? cm? em® a?
RS-41408  2.02 0.558 2.85 172 3.082 0.230 0.1565  0.03599 0.00107 6.75 2500 1435

RS-42311 2.65 0.726  11.65 5.03 4.848 0.580 0.2919  0.16927 0.00810 16.20 2500 3210
RS-42318  3.86 1.387 1740 9.61 4.848 0.603 0.5576  0.33454 0.01656 21.17 2500 2500
RS-43019  4.56 1303  30.95 17.34 6.522 1.230 0.7475  0.91942 0.06936 31.74 2500 4520

L6¢
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DS Ferrite Cores
Manufacturer Magnetics Inc.

PartNo.  MPL G ‘tfe Weew MLT AC W, Ap K, A, Pem |
cm cm grams grams cm sz sz 4 cms sz
DS-42311 268 0.726  10.00 502 485 0.378 02915  0.1102 0.003437  16.16 2500 2810
DS42318 399 1.386  13.00 959 485 0.407 05565  0.2265 0.007607  21.13 2500 2370
DS42616  3.89 1102 1500 1069 561 0.627 05361  0.3361 0.015023 2310 2500 3120
DS43019  4.62 1300 2200 1732 652 0.960 0.7469  0.7170 0.042205  31.84 2500 3620
IX-43622 528 1458 3700 2742 769 1.250 1.0024  1.2529 0.081452  44.17 2500 4370
DS-44229 7.7 2042 7800 5753 885 1.780 1.8286  3.2549 0.261955  67.58 2500 5250

el 10 s Ss'voqel,
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EP Ferrite Cores
Manufacturer Magnetics Inc.

PartNe.  MPL G die  ‘tcu MLT A, w, Ap K Ay em AL
cm cm grams  grams cm cm?2 cm? em? em’ em?

EP-40707 157 0.498 1.40 0.61 1.82 0.1030 0.0942  0.009703  0.0002193  3.47 2500 SSO

EP-41010 1.92 0.721 2.80 1.58 2.15 0.1130 0.2070  €.02339 0.0304927 5.69 2500 S50

EP-41313 2.42 0.899 5.10 2.00 2.40 0.1950 0.2341 0.045650 0.0014850 7.67 2500 1250

EP-4171 7 2.55 1118 11.60 332 2.93 0.3390 03222 0.109200 0.0051070 13.70 2500 1950

EP-42120  3.9s 1.397  27.80 7.24 4.10 0.7s00 0.496S  (.387500  0.0294S00 23.54 2500 3450

¥ 310D Jd 9% dlqel
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EC Ferrite Cores
Manufacturer Magnetics Inc.

Part No. MPL

cm

‘teu MLT A, W, AP

grams cm cm? am? cm

I(8 A Perm AL

“ m® am?

EC-43517  7.59
EC-44119  8.76
EC-45224 10.30
EC-47035 14.10

G ‘tie
cm grams
2382  36.00
2697  52.00
3.099 111.00
4.465 253.00

35.30 6.29 0.709 1.578 1.1188
55.40 147 1.060 2.082 2.2070
97.80 9.05 1410 3.040 4.2865
258.40 11.57 2.110 6.278  13.2461

0.05046 50.27 2500 1800
0.12516 67.64 2500 2400
026719 10648 2500 3150
09658  201.84 2500 3600

eje( 310D D L'p 21qEL




ETD Ferrite Cores
Manufacturer Magnetics Inc.

962

Part No.  MPL G tie ey MLT AC W, AP K, A Pem
cm (m grams grams em? cm? em4 cm® cm2

ETD-43434 7.91 2.35 40.00 46.60 7.16 0.915 1.829 1.6735 0.08553 53.16 2500 1900
ETD-43939 9.27 2.85 60.00 74.70 8,37 1.230 2.508 3.0848 0.18131 69.49 25(XJ 2100
ETD-44444 1040 3.23 9400  100.20 9.43 1.720 2.988 5.1389 0.37483 87.29 2500 2600
ETD-44949 11.40 354 12400 13520 10.38 2.090 3.664 7.6575 0.616$5 107.16 2500 3000

ETD-47054 23.10 837 396.00 70850  13.96 3.140 14271 44810 4.03117 311.66 2500 2650

e 210D (119 8% AqeL
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EPC Ferrite Cores

Manufacturer TDK
Part No.  MPL G tie Wi MLT A, w, Ap Kg At Perm AL
cm tm  grams grams cm 2 m? om cm’ om?
EPC-10 1.78 0530 110 047 1900 00813 00659  0.0056012 0.0000959  2.89 2300 870
EPC-13 3.06 0900 210 204 2600 01060 02205 00233730 0.0003811  5.91 2300 870
EPC-17 4.02 1210 450 506 3460 01990 04114 0081869 0.001ss34 10.14 2300 1150
EPC-19 461 1450 530 715 3700 0.1990 0.543s  0.1082063 0.0Q23279 12.03 2300 940
EPC-27N 559 1700 10.00 966 4600 02970 05908  0.1754527 0.0045313 19.45 2300 1400
EPC-25B  4.62 175  11.00 915 4550 03240 05655 0.1 S$32220 0.00521SS 17.61 2300 1560
EPC-25 5.92 1800 13.00 1444 4930 04640 08235  0.3821040 0.0143851 20.50 2300 1560
EPC-27 7.31 2400 1800 1879 5120 05460 10320  0.5634720 0.0240356 26.72 2300 1540
EPC-30 8.16 2600 2300 2195 5520 06100 111843  0.6819803 0.0301455 31.40 2300 1570

ejeq 240D Ddq 6'% dAqeL
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PC Ferrite Cores
Manufacturer Magnetics Inc.

Part No. MPL G We Wi MLT A, w, AP Kg A, Penn AL
an cm grams grams cm cmz sz cm4 cm5 sz
PC-40506  1.020 0269  0.240 0080 1085 20410 (00198 00008131 0.0000123  0.898 3000 650
PC-40507  0.775 0218  0.200 0.100  1.257 0.0440 0.0219  0.000%43 0.0030135 1.096 3000 775
PC-40704  0.990 0.279  0.500 0210 1522 0.0700 0.0383 00026823 0.0000490  1.769 2500 675
PC-40905  1.250 0.361 1.000 0450 1947  0.1000 0.0650  0.0065045 0.0001335  2.822 2500 825
PC-41107  1.540 0.442 1.800 0.780 2310 0.1630 0.0949  0.0154618 0.0034365  4.200 2500 1250
PC-41408  1.970 0559  3.200 1.630 2924 09240 0.1568  0.0390527 0.0013304  6.783 2500 1680
PC41811 2590 0.721 7.300 3510 3705 0.4290 0.2666  0.114.3684  0.0052966  11.052 2500 2500
PC-42213  3.120 0919  13.000 6.190  4.447 0.6390 0.3912  0.2499721  0.0143675  16.438 2500 3300
PC-42616  3.760 1102 20.000 10.090  5.292 0.9310 05362 04992012 00351261  23.105 2500 4250
PC-43019  4.500 1.300 34.000 16470  6.206 2.3600 07465  1.0152774 0.0890012 31832 2500 5450
PC-43622  5.290 1.458 57.000 26.390  7.382 2.0200 1.0054  2.0309561  0.2222977  44.193 2500 7100
PC-44229  6.850 2.042 104.000 55470  8.351 2.6600 1.8284 48636716 0.6066382  67.571 2500 7500
PC-44529  6.720 1.880 149.600 48420 9.141 3.6000 14895 53623635 0.8447747  73.087 2500 10500

ejeq 240D Dd oT'p 2[qel
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EFD Ferrite Cores
Manufacturer Philips Components

Part No.

MPL G ‘tfe Wicu MLT A, W, AP KS At Perm ‘©L
cm cm  grans grams  cm cm? am? em? am® cm?

EFD-10 2.37 0.75 0.90 0.75 1.82 0.0650 0.1163  0.097556 0.000108 3.31 1290 500
EFD-12 2.85 0.91 1.70 1.28 2.20 0.1070 0.1638  0.017527 0.030341 4.84 1370 700
EFD-15 340 1.10 2.80 299 2.68 0.1480. 0.3135  0.046398 0.001025 7.26 1800 700
EFD-2¢ 4.70 1.54 7.00 6.76 3.80 0.3100 0.5005  0.155155 0.035063 13.36 1800 1150
EED-25 5.69 1.86 16.03 11.54 4.78 0.5810 0.6789  (3.394441 0.019177 21.60 1800 1800
EFD-30 6.81 2.24 2400 1696 5.46 0.6900 0.8736  0.602784 0.030470 28.92 1800 1900

gjeq 210D dd49 LL'p 21qel




EE&EI Lam. Size Ferrite Cores
Manufacturer Magnetics Inc.

PartNo.  MPL G tfe wou  MLT A, W, Ap Kg A, Penn <
cm cm  grams grams cm em? em? em? cm® em?2
EE-2829 2.77 0.793 1.30 222 2.623 0.1000 0.2385 0.02385 0.0003637 6.55 2500 480
EE-187 4,01 1.107 4.40 6.76 3.754 0.2280 0.5063 0.11544 0.0028047 14.39 2500 940
EE-2425 4.85 i.249 9.50 13.80 4,891 0.3840 0.7935 0.30472 0.0095695 23.32 2500 1440
EE-375 6.94 1.930  33.09 36.39 6.646 0.8210 1.5396 1,26402 0.0624579 45.39 2500 2180
EE-21 7.75 2.083  57.03 47.37 8.097 1.4900 1.6453 2.45147 0.1804407 60.92 2500 3180
EE-625 8.90 2.413 103.00 64.20 9.381 2.3600 1.9245 454185 0.4570386 81.88 2.500 4370
N
£ EE-75 10.70 2.896 179.00 110.88 11.157 3.3900 2.7948 9.47448 1.1514971 11813 2500 6600

vje(q 240D azigwie] [q 1 g4 TL'P AIqelL




EE&EI Ferrite Cores

Manufacturer Magnetics Inc.

PartNo. MPL G ‘tie ‘teu MT AC A Ap K, A, Perm AL
cm cm grams grams Cm cm? cm? cm cam® cm?
EE-40904 154 0406  0.50 038 1664  0.0360 0064 0002304  0.000020 292 2500 405
EE-41208 221 1092 250 265 2622 011 0284 0032701  0.000574 856 2500 685
EE-41707  3.04 0.787 3.0 323 3027 01260 0300  0.037800 0.000629 1061 2500  g25
EE-41205 277 0792 260 296 3310 02000 0252 (1050322  0.001216 820 2500 1200
EE-41709 4.5 1346 450 802 338 01810 0.666  0.120564  0.002579 1597 2500 800
EE-41810 401 1118 850 933 4801 04540 05465 0248088  0.009384  18.10 2500 1875
EE-42515  7.35 2515 1500 2838 4958  0.3970 16095  0.638989  0.020467 3477 2500 940
EE-43007  6.56 1941 2000 2338 5242  0.4910 12544 0615928  0.023077 3851 2500 1680
EE-45114  6.40 1539 3700 3117 8792  0.7810 0.9970  0.778630  0.027667 4562 2500 2500
EE-42520  4.80 1250 1900 1771 6341  0.7680 0.7856  0.603349  0.029229 2885 2500 2880
EE-42810  4.77 1.087 2300 1347 6005  0.8600 0.6310  0.542620  0.031085 3059 250Q 3430
EE-43618  4.24 048 2800 1548 8878  1.3500 04903  0.661934  0.040260  39.61 2500 5640
EE-43520  9.43 3124 4200 5930 6714  0.9050 24838 2247840  0.121191 6149 2500 1590
EE-44011  7.67 2001 4900 4565 7405  1.1403 17336 1976630  0.121700  61.24 2500 3260
EE-43524  10.70 3749 4600 6948 6619 08310 29520 2453107 0123187  68.26 2500 1435
EE-45015  7.72 1580  70.00 6267 9465  1.4200 18620 2644016  0.158710  80.25 2500 3930

eje] 910D I ¥ 44 €U'v o[qel
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EE&EI Ferrite Cores
Manufacturer Magnetics Inc.

Part No. MPL G Wige Wicw MLT A e W, A p . lé A, Perm AL
cm cm  grams grams cm em?2 em? cm? cm’® cm?
EE-44020  9.540 2952 87.00 91.62 9.059 1.8.300 2.5441  5.204710  0.420571 S5.79 2500 3750
EE-45021  9.290 2.499 10S.00 $6.33 9.620 2.1300 25235  5.375009  0.476025 94.55 2500 5000
EE-44294 10.400 3.017 132.00 75.52 9.329 2.4400 2.3760  5.79742S  0.60653S 97.45 2500  43s0
EE-44022 9540 2.9S2 114.00  100.65 9.96S 2.3700 2$395 6729521 0639999 93,52 2500 4510
EE-46016 11.000 2.755 135.00  162.13  11.406 2.4000 39972  9.593214 0807391 12S.72 2500 4680
EE-45528  12.300 3.70s 212.00  160.57 11436 3.4600 39561 13688179 1656632 1.35.47 2500 5130
EE-45530  12.300 3.70S 255.00  172.09  12.233 4.1300 3.9561 16.33S7S0  2.206450  14?.24 2500 6130
EE-47228 13.700 3.556 264.00  259.02 13532 3.6300 6.0064 21. S03376  2.33956S  190.70 2500 4S60
EE-48020  1s.500 5.639 357.00 5s6.11 14.754 3.5200 11.1716 42.675476 4.419761 276.22 2500 3s10

(uod) v 10D [ B 9 €LV 3qeL
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Toroidal Ferrite Cores
Manufacturer Magnetics Inc.

PartNo. MPL i@ W, MLT AC W, Ap Kg A, Perm AL
cm grams  grams cm am?  cm? o cm em?
TC40705  1.500 0900  0.390 1.374 0.0980  0.0794  0.00778 0.0002218 3.227 2500 20SS
TC41003  2.070 0.820  0.800 1271 0.0700 01771  0.01239 0.0002731 4.319 2500 1095
TC-41005  2.070 1200  0.960 1527 01070 01771  0.01895 0.0005311 4.919 2500 16.50
TC-41303  3.120 1.200 2.680 1525 0.0720  0.4936 0.03554 (.0006713 S.053 2500 745
TC40907  2.270 1600 1.660 1900 01350  0.2453  0.03312 0.0009412 6.196 2500 1S84
TC-41506  3.060 1.900 2.560 1.659 0.1090 04264  0.04647 0.0011993 S.511 2500 1111
TC41407  2.950 1.900 2.530 1.781 0.1260  0.4002  0.05042 0.0014271 S.402 2500 1356
TC41305  3.120 1.900 3.210 1.829 0.1170  0.4936  0.05775 0.00147s0 9.044 2500 1190
TC-41206 2460  3.300 1510 2.032 0.2210  0.2090  0.04619 0.0020095 S.105 2500 2s20
TC-41306  3.120 2.400 3.570 2.032 0.1460  0.4936  0.07207 0.0020713 9.706 2500 14S5
TC41406  2.950 2.700 2.890 2.032 0.1690  0.4002  0.06763 0.0022499 9.203 2500 1805
TC41605  3.650 3300  4.440 2.014 0.1530  0.6204  0.09492 0.002S83S 12.212 2500 1375
TC42106 5.000 5400  11.890 2640 02310 12661  0.29247 0.0102366 21.656 2500 1500
TC42206  5.420 6.900  14.630 2.784 0.2500 14777  0.36941 0.0132693 25.041 25001510
TC41809  4.140 9.900 8.280 3.120 0.4030  0.7462  0.30073 0.0155379 19.604 2500 3050
TC-42109 5.000 8.100 13.720  3.046 0.3260 1.2661  0.412750.0176679 23.774 2500 2100
TC42207  5.420 8500 15940  3.036 0.3150  1.476s  0.46519 0.0193077 26.461 2500 1S75
TC42507 6170 11600 22.110 3300  0.3740 1.8845  0.704s0 0.0319514 33.390 2500 195S
TC42212 5420 13500  19.950 3.799 05110  1.476s  0.75465 0.0405939 30.7S7 2500 3020
TC-42908  7.320  13.800  35.460 3.519 0.35S0 2.S336  1.01443 0.0412757 43.554 2500 15S5
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Toroidal Ferrite Cores

Manufacturer Magnetics Inc.

PartNo. ~MPL  ({j@ W, MLT AC W, ‘b Kg A, Penn AL
cm  grams  grams cm cm? cm? cm# cm? cm?
TC-43806 8300 26400  41.170 4.064 05700 2.8488  1.62381  0.0910994 59.592 2500 2200
TC-42915  7.320 27.600 47.950 4,759 0.7400 2.8336  2.09687 (.1304227 52.883 2500 3222
TC43610 8970  29.400  66.090 4.481 0.6280  4.1480  2.60491 0.1460431 67.059 2500 2726
TC-43615  8.970 44.000  77.840 5.277 0.9460  4.1480  3.92396 0.2813720 74.450 2500 3366
TC-43813 8300 51.700  51.460 5.080 1.1500  2.8488  3.27610  0.2966549 69.112 2500 4185
TC-44416 8870  80.800  61.750 6.096 18700  2.8488 532722 0.6536689 90.162 2500 5830
TC44920 12300  74.600 182.530 6.466 1.1900  7.9386  9.44697 0.6954658  130.317 2500 3032
TC44916 12700  75.300 206.600 6.466 1.1600  8.9856 10.42326 0.7479932 135502 2500 2950
TC-44715 11.000 84.000 125.210 6.153 14200 57227  8.12628 0.7501718  110.945 2500 4030
TC-43825  8.300 103.400  72.050 7.112 2.3100 2.8488  6.58069 0.8549718 88.152 2500 8762
TC44925 12300 91.000 196.870 6.974 14600  7.9386 11.59040 0.9706004  136.768 2500 3718
TC46113 14.500 117300 243.870 6.909 15600  9.9264 15.48523  1.3986199 172.021 2500 3422
TC44932 12.700 150.600 287.760 9.006 2.3600  8.9856 21.20594 2.2228291 168.266 2500 5900
TC-47313 16.500 177.000 334.100 7.925 2.1200 11.8555 25.13366 2.6894492  230.138 2500 4024
TC-48613 21.500 203.000 765.770 8.890 1.8700 24.2234 4529771 3.8113260  344.309 2500 2726
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EE&EI Planar Ferrite Cores
Manufacturer Magnetics Inc.

Part No. MPL G Wite Wiy MLT AC W, Ap K8 A, Perm <
cm cm grams grams cm cm? em? cm? cmd cm?
EE-42216 3.12 0297  13.00 3.98 6.59 0.8060 0.1698 0.1369 0.006693 20.64 2500 3905
EI-44008 4.38 0.356  21.00 9.98 1.77 0.9950 0.3613 0.3595 0.015416 3551 2500 4013
EI-43208 3.54 0318 22.00 9.61 8.93 1.2900 0.3024 0.3901 0.(722535 33.96 2500 6446
EE-44008 5.19 0.7111 26.00 19.96 1.77 1.0100 0.7226 0.7298 0.037951 4134 2500 3430
EE-43208 4.17 @635  26.00 19.21 8.93 1.2990 0.6048  0.7802 0.045070 38.22 2500 5465
EI-44308 4.86 0.356 54.00 13.36 8.49 2.2700 0.4426 1.0047 0.107489 40.42 2500 8261
EE-44308 5.75 0.7111 64.00 26.71 8.49 2.2700 0.8552 2.0093 0.214978 47.42 2500 6982
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Figure 4.1 Magnetics ferrite material type P @80 °C core loss curves.

Core 10ss equation:

milliwatts per gram =3.]8X]0§4(’f)15](8ar)2'747

f= Hertz
Bac =Ttsill
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Figure 4.3 Magnetics ferrite material type R@ 1()() 'C core loss curves,

Core 10ss equation:

milliwatts per gram =8.08x107(£)"** (B,.)***

f= Hertz
Bac = Tesla

307

0001 0oL Y



Core Loss Curves
for
Magnetics Ferrite Material Type K @ 80 “C
1500 Perm
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Figure 4.4 Magnetics ferrite material type K @ 80 °C core loss curves,
Core loss equation:
milliwatts per gram = 1.169x10™ (1‘")1'65(3“)3'1‘19

f= Hertz
Bae = Tesla
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. Core Loss Curves
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Magnetics Ferrite Material Type W @ 25 °C
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Figure 4.5 Magnetics ferrite material type W @25 °C core loss curves.

Core 10ss equation:

milliwatts per gram = 2.41x10*(f)"* (B, )

f= Hertz
Bac = Tesla
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Magnetics Inc. Ferrite Materials

Materials K R P F w

Inital Permeability 1 1500£25% | 2300%25%]  2500+25% 300025% 10000+30%
Curie Temperature “c >230 >230 >230 >250 >125
Flux Density @150e| B, 048T 0.50T 0.50T 0.49T 0.43T
Residual Flux @ 25°C| B, 0.08T 0.12T 0.12T 0.10T 0.07T
Coercivity (1) H. 0.2 0.18 0.18 0.2 0.04
Resistivity (2) P 20 6 5 2 0.15
Density (3) ) 47 48 48 4.8 4.8

(1) Coercivity, oersted (2) Resistivity, Q - m (3) Density, g/cm3
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Introduction to Iron Powder Cores

The development of compressed iron powder cores as a magnetic material for inductance coils
stemmed from efforts of Bell Telephone Laboratory engineers to find a substitute for fine iron-
wire cores. The use of iron powder cores was suggest by Heaviside in 1887 and again by
Dolezalek in 1900.”

The first iron powder cores of commercially valuable properties were described by Buckner
Speed in U.S. Patent No. 1274952 issued in 1918. A paper, "Magnetics Properties of Compressed
Powdered Iron,” was published by Buckner Speed and G.W.Elman in the A. L. EE. Transactions in
1921, This paper describes a magnetic material which is well suited to the construction of cores in
small inductance coils and transformers such as are used in a telephone system. These iron
powder cores were made from 80 Mesh Electrolytic Iron Powder. The material was annealed
then insulated by oxidizing the surface of the individual particles. In this way a very thin and
tough insulation of grains of iron was obtained, which did not break down when the cores were
compressed. A shellac solution was applied to the insulated powder as a further insulator and
binder. This was the way that toroidal iron powder cores were manufactured by Western Electric
Company until about 1929. The iron powder cores of today are manufactured much the same
way, using highly pure iron powder and a more exotic insulator and binder. This prepared
powder is compressed under extremely high pressures to produce a solid-looking core. This
process creates a magnetic structure with a distributed air-gap. The inherent high saturation flux
density of iron combined with the distributed air-gap produces a core material with initial
permeability of less than 100 and with high energy storage capabilities,

The dc current does not generate core loss but ac or ripple current does generate core loss. Iron
powder material has higher core loss than some other more expensive core materials. Most dc
biased inductors have a relatively small percentage of ripple current and, thus, core loss will be
minimal. However, core loss will sometimes become a limiting factor in applications with a
relatively high percentage of ripple current at very high frequency. Iron powder is not
recommended for inductors with discontinuous current or transformers with large ac flux
swings,

1.ow cost iron powder cores are typically used in today's low and high frequency power
switching conversion applications for differential-mode input and output power inductors.
Because iron powder COres have such low permeability a relative large number of turns is
required for the proper inductance thus keeping the ac flux at a minimum. The penalty for using
iron powder coresis usualy found in the size and efficiency of the magnetic component.
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Iron Powder Core Manufacturers

Micrometals

1190 North Hawk Circle
Anaheim, California 92807
Phone (800) 356-5977
Phone (714) 630-7420

FAX (714) 633-4562

Pyroferric International, Inc.
200 Madison Street

1’.0. Box 159

Toledo, Illinois 62468-0159
Phone (217)849-3300

FAX (217) 849-2544

Cortec

15672 Chemical Lane

Huntington Beach, California 92649
Phone (714) 897-2529

FAX (714) 897-2170

MMG/Neosid North America
126 Pennsylvania Ave.
Paterson, New Jersey 07724
Phone (201 ) 345-8900

FAX (201) 345-1172

‘ngineering N

Rep. No.

Rep. No._

Rep. No.




. Information about the Core Data Tables

[1] part Number

The part number used is close approximation of the manufacturers part number.
[2] MPL

The M1'L is the mean magnetic path length in centimeters.
[3] G Dimension

The G dimension is the overall core winding length for bobbin cores in centimeters.

[4] Wife
This is the total weight of the core in grams.
[5] Wicu
This is the total weight in grams of the copper using a window utilization Ku of 0.4.
[6] MLT
The MLT is the mean length turn in centimeters.
M AC
This is the minimum cross section of the core in square centimeters.
‘ [8] Wa
The is the total window area of the core in square centimeters.
9] Ap
The area product A is the core area A times the window area W, in centimeters 4th.
[10] Kg
The core geometry Kg is in centimeters 5th.
[11] At
This is the overall surface area At of the magnetic component in square centimeters.
[12] Perm
Perm is the permeability of the magnetic material such as (2500p).
[13] AL

A1, is the millihenrys per 1000 turns,
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Iron Powder Toroidal Cores
Manufacturer Micrometals

PartNo. MPL  «tjg Wy, MLT AC W, A, K; A, Perm ‘oL
cm grams grams cm cm? cm? omt cm ° cm?

T20-08 1.148 0.200 0.100 0.691 0.0245  0.0392  0.00096 0.0000136 1182 35 7.8
T20-18 1.148 0.200 0.100 0.691 0.0245  0.0392  0.00096 0.0000136 1.182 55 13
T20-26 1.148 0.200 0.100 0.691 0.0245  0.0392  0.00096 0.0000136 1.182 75 185
T20-52 1.148 0.200 0.100 0.691 0.0245  0.0392  0.00396 0.0000136 1182 75 175
T25-08 1.495 0.420 0.240 0.908 0.0406  0.0729  0.00296 0.0000528 2016 35 10

T25-18 1.495 0.420 0.240 0.908 0.0406  0.0729  0.00296 0.0000528 2016 55 17
T25-26 1.495 0.420 0.240 0.908 0.0406  0.0729  0.00296 0.0000528 2016 75 245
T25-52 1.495 0.420 0.240 0.908 0.0406  0.0729  0.00296 0.0000528 2016 75 23
T26-08 1.475 (7.950 0.260 1.311 0.0951  0.0558  0.00531 0.0001542 2634 35 24
T26-18 1.475 0.980 0.260 1311 0.0951  0.0558  0.00531 0.0001542 2.634 55 415
T26-26 1.475 0.980 0.260 1311 0.0951  0.0558  0.00531 0.0001542 2634 75 57
T26-52 1.475 0.980 0.260 1.311 0.0951  0.0558  0.00531 0.0001542 2634 75 56
T20-08 1.826 0.800 0.470 1.144 0.0625 01155 0.00721 0.0001576 3074 35 14
T30-18 1.826 0.800 0.470 1.144 0.0625 01155 0.00721 0.0001576 3.074 55 22
T30-26 1.826 0.800 0.470 1.144 0.0625 0.1155  0.00721 0.0001576 3074 75 335
T30-52 1.826 0.800 0.470 1.144 0.0625 01155 0.00721 0.0001576 3074 75 305
T37-08 2.313 1.100 0.970 1.282 0.0681 02128  0.01449 0.0003078 4534 35 12
T37-18 2.313 1.100 0.970 1.282 0.0681 02128 001449 0.0003078 4534 55 19
T37-26 2.313 1.100 0.970 1.282 0.0681 02128  0.01449 0.0003078 4534 75 285
T37-52 2.313 1.100 0.970 1.282 0.0681  0.2128  0.01449 0.0003078 4534 75 26
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Iron Powder Toroidal Cores
Manufacturer Micrometals

Part No.

MPL

wtcu

MLT

AC

A, Perm
Kg Ay

‘tfe a p ‘L
cm grams  grams cm cm? cm? cmé cm® em?

T38-08 2193 1830 0850 1534 01189 01551 001844 0.0005717 4806 35 20
T38-18 2193 1830 0850 1534 01189 0.551 001844 0.0005717 4806 55 36
T38-26 2193 1830 0850 1534 01189 01551  (0.01844 0.0005717 4806 75 49
T38-52 2193 1830 0850 1534 01189 01551  0.01844 0.0005717 4806 75 49
T44-08 2.667 1.960 1.450 1.540 0.1050 0.2656  0.02788 0.0007601 6.195 35 18
T44-18 2667 1960 1450 1540 01050 02656  0.02788  0.0007601 6.195 55 255
T44-26 2.667 1.960 1.450 1.540 0.1050 0.2656  0.02788 0.0007601 6.195 75 37
T44-52 2667 1960 1450 1540 01050 02656  0.02788 0.0007601 6.195 75 35
T50-08 3.202 2.630 2960 1.788 0.117t  0.4650  0.05445 0.0014267 8.764 35 17.5
T50-18 3.202 2.630 2.960 1.788 0.1171 0.46.50 0.05445  0.0014267 8764 55 24
T50-26 3202 2630 2960 1788  0.1171 04650  0.05445 0.0014267 8.764 75 33
T50-52 3202 2630 2960 1788 01171 04650  0.05445 0.0014267 8.764 75 33
T50-08B 3202 3450 3360 2032 01541 04650  0.07165 0.0021736 9553 35 23
T50-188 3202 3450 3360 2032 01540 04650  0.07165 0.0021736 9.553 55 24
T50-26B 3202 3450 3360 2032 01541 04650 0.07165 0.0021736 9.553 75 435
T50-52B 3202 3450 3360 2032  0.1541 04650 007165 0.0021736 9.553 75 435
T51-08C 2791  4.500 1460 2032 02347 02026 ‘0.04754 0.0021962 8.065 35 37
T51-18C 2791 4590 1460 2032 02347 02026 004754 (.0021962 8065 55 35
T51-26C 2791 4590 1460 2032 02347 02026 004754 0.0021%2 8.065 75 83
T51-52C 2791 4590 1460 2032 02347 02026  0.04754 0.0021%2 8.065 75 75
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Iron Powder Toroidal Cores
Manufacturer Micrometals

Part so.

MPL

W,

MLT

AC

‘tie tcu a Ap Kg Ay FPerm ‘L
cm grams grams cm Cm2 sz Cm4 cm em?

T68-26D 4.227 11.110 7.210 2.926 0.3755 0.6933  0.26033 0.0133627 17678 75 87
T68-52D 4.227 11.110 7.210 2.926 0.3755 0.6933  0.26033 0.0133627 17678 75 80
T94-08 5.501 10.770  16.820 2.979 0.2753 15882  0.43724 0.0161637 26049 35 25
T94-18 5.591 10.770  16.820 2.979 02753 15882  0.43724 0.0161637 26.049 55 42
T94-26 5.501 10.770  16.820 2.979 0.2753 1.5882  0.43724 0.0161637 26049 75 60
T94-52 5.591 10.770  16.820 2.979 0.2753 1.5882 0.43724 0.0161637 26.049 75 57
T80-08B 5.1443 12.680  13.850 3.1394  0.3520 1.2409  0.43682 0.0195920 24026 35 295
T8(0-18B 5.1443 12680  13.850 3.1394  0.3520 1.2409  0.43682 0.0195920 24.026 55 47
T80-26B 5.1443 12.680  13.850 3.1394  0.3520 12409  0.43682 0.0195920 24026 75 71
T80-52B 51443 12.680  13.850 3.1394  0.3520 12409  0.43682 0.0195920 24026 75 63
T80-26D 5.1443  16.900 16.100 3.6474 0.4694 1.2409 0.58243 0.0299792 26.657 75 92
T80-52D 5.1443  16.900 16.100 3.6474 0.4694 1.2409 0.58243 0.0299792 26.657 75 83
T90-08 5.782 16.620 18.270 3.3528  0.4107 15320 0.62917 0.0308270 20309 35 30
T90-18 5.782 16.620  18.270 3.3528  0.4107 15320  0.62917 0.0308270 20309 55 47
T90-26 5.782 16.620 18.270 3.3528 0.4107 1.5320  0.62917 0.0308270 20.309 75 70
T90-52 5.782 16.620 18.270 3.3528  0.4107 15320 0.62917 0.0308270 20.309 75 64
T106-18A 6500 21770  20.020 34219 04784 16455 (0.78713 0.0440150 34578 55 49
TIM-26A 6500 21.770  20.020 34219 04784  1.6455 0.78713 0.0440150 34578 75 67
T106-52A  6.500  21.770  20.020 34219 04784  1.6455  0.78713 0.0440150 34578 75 67
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Iron Powder Toroidal Cores
Manufacturer Micrometals

PartNo. MPL  «jo W, MLT A, W, A, L e AL
cm grams grams cm Cm2 cm2 cm4 cm 5 cm2
T106-08 6.500 30.490 22.990 3.929 0.6700  1.6455  1.10248 0.0751865 37.984 35 45
T106-18 6.500 30490  22.990 3.929 0.6700  1.6455  1.10248 0.0751865 37.984 55 70
T106-26 6.500  30.490  22.990 3.929 0.6700  1.6455  1.10248 0.0751865 37984 75 93
T106-52 6503  30.490  22.990 3.929 0.6700 1.64535  1.10248 0.0751865 37984 75 95
T106-18B 6500  40.110  26.280 44907 0.8816  1.6455  1.45064 0.1139139 41743 55 091
T106-26B 6500 40.110  26.280 44907 0.8816  1.6455  1.45064 0.1139139 41743 75 124
T106-52B 6.500  40.110  26.284) 4.4907 0.8816  1.6455  1.45064 0.1139139 41743 75 124
T130-08 8295 41280  48.400 44176  0.7110 3.0812  2.19088 0.1410558 56.977 35 35
T130-18 8295  41.280  48.400 44176  0.7110 3.0812  2.19088 0.1410558 56.977 55 58
T130-26 8295 41280  48.400 44176  0.7110 3.0812  2.19088 0.1410558 56.977 75 81
T130-52 8.295 41280  48.400 44176 07110 3.0812  2.19088 0.1410558 56.977 75 79
T132-26 7976 45800  38.980 44176  0.8204 24816  2.03598 0.1512494 53.861 75 103
T132-52 7.976 45800  38.980 44176  0.8204 24816  2.03598 0.1512494 53.861 75 95
T131-08 7736 48.870  32.590 44176  0.9025 2.0744  1.87211 0.1529829 51.677 35 525
T131-18 7736 48.870  32.590 44176  0.9025 2.0744  1.87211 0.1529829 51.677 55 79
T131-26 7736 48.870  32.590 44176  0.9025 2.0744  1.87211 0.1529829 51677 75 116
T131-52 7736 48.870  32.590 44176  0.9025 2.0744  1.87211 0.1529829 51.677 75 108
T141-26 9.152 44180  63.450 45496  0.6897 3.9220  2.70497 0.1640231 66.502 75 75
T141-52 9.152  44.180  63.450 45496  0.6897 3.9220  2.70497 0.1640231 66502 75 69
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Iron Powder Toroidal Cores
Manufacturer Micrometals

PatNo. MPL ‘tie Wicw MLT A, W, ‘p Kg ‘4 Perm ‘L
cm grams grams cm cm? cm? cm? m® em?
T150-26 9.391 59.780  62.290 4.844 0.9093  3.6162  3.28823  0.2468909 71316 75 96
T150-52 9.391  59.780  62.290 4.844 0.9093  3.6162  3.28823  0.2468909 71316 75 89
T157-08 10.049  77.790  89.500 5.507 1.1058 45707  5.05429 0.4059782 85.237 35 42
T157-18 10049  77.790  89.5(K! 5.507 1.105s  4.5707  5.0S8429 0.4059782 85.237 55 73
T157-26 10.049  77.790  89.500 5.507 1.1058  4.5707  5.0.5429  0.4059782 85.237 75 100
T157-52 10.049  77.790  89.500 5.507 1.1058  4.5707  5.05429 0.4059782 85237 75 99
T175-18 11.246 108.870 127,790 6.197 13830  5.7984  8.01929 0.7158202 107.193 55 82
T175-26 11.246  108.870  127.790 6.197 1.3830 57984  8.01929 0.7158202 107.193 75 105
T175-52 11.246 108.870 127.790 6.197 1.3830 57984  8.01929 0.7158202 107.193 75 105
T200-08 12960 117.100 177,260 6.299 1.2907 7.9133 10.21386 0.8371397 131533 35 425
T200-18 12960 117.100 177.260 6.299 1.2907  7.9133 10.21386 0.8371397 131533 55 67
T200-26 12960 117.100 177.260 6.299 12907  7.9133 10.21386 0.8371397 131533 75 92
T200-52 12960 117.100 177.260 6.299 12907  7.9133 10.21386 0.8371397 131533 75 92
T184-08 11126  153.990 107.670 6.624 19772 45707  9.0374  1.0789915  110.062 35 72
T184-18 11.126  153.990  107.670 6.624 19772 45707  9.0374  1.0789915  110.062 55 116
T184-26 11126 153.990 107.670 6.624 19772 45707  9.0374  1.0789915  110.062 75 169
T184-52 11126 153.990 107.670 6.624 19772 45707  9.0374  1.0789915 110.062 75 159
T200-08B  12.960 212.900 228.720 8.128 2.3468  7.9133 185706  2.1447382 155.374 35 785
T200-18B 12960 212.900 228.720 8.128 2.3468  7.9133 185706  2.1447382 155.374 55 120
T200-26B 12960 212.900 228.720 8.128 2.3468  7.9133 18,5706  2.1447382 155.374 75 160
T200-52B  12.960 212.900 228.720 8.128 2.3468  7.9133 185706  2.1447382 155.374 75 155
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Core Loss Curves
for
Micrometals Iron Powder Type

-26
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Figure 5.1Micrometals iron powder material type -26 core loss curves.

Core 10ss equation:

milliwatts per gram = 0.0131(f)" *(B,.)*®

f=Hertz
Bgac = Tesla
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Core Loss Curves
for
Micrometals |ron Powder Type -8
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Figure 5,2 Micrometals iron powder material type -8 core loss curves.

Core 10ss equation:

milliwatts per gram = 0.287(f) ]‘13(3,.()2'“

t= Herlz
Bge = Tesla
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Core Loss Curves
for
Micrometals Iron Powder Type -18
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Figure 5.3 Micrometals iron powder material type -18 core loss curves.

Core 10ss equation:
milliwatts per gram = 0.117~)’']18(BJ2' 27

f= Hertz
Bac = Tesla
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Core Loss Curves
for
Micrometals Iron Powder Type -52
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Figure 5.4 Micrometals iron powder material type -52 core |oss curves,
Core 10ss equation:

milliwatts per gram = 0.0357(f)"*(B,, )y

f=Hertz
Bac = Tesla
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Microme als Iron Powder Materials

Materials -8 -18 -26 -52
Inital Permeability L 35£10% 55+10% 75+10% 75210%
Flux Density 1.25T 1.03T 1.38T 1.40T
Magnetizing Force (1) 300 250 250 250
Residual Flux 0.046T 0.094T 0.175T 0.145T
Coercivity (2) 9.2 8.1 55 5.3
Density (3) 6.5 7.0 7.0

(1) Magnetizing force, oersted (2) Coercivity, oersted (3) Density,g/cm3
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Figure 5.6 Iron powder core type -08 B-H loop.
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Figure 5.8 Iron powder core type -26 B-Hloop.
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Figure 5.9 Iron powder core type -52 B-Hloop.
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Introduction to Moly Permalloy Powder Cores

The nickel-iron (Ni-Fe) high permeability magnetic alloys (permalloy) were discovered in 1923,
and in 1927 permalloy alloys were successfully used in powder cores, greatly contributing to the
carrier wave communications of the time.

In the early 1940’s a new molybdenum permalloy powder (MIT’) core was developed by the Bell
Telephone Laboratory and the Western Electric Company. This new material was developed for
loading coils, filter coils, and transformers at audio and carrier frequencies in the telephone
facility. The use of such cores has been extended to many industrial and military circuits. The
stability of permeability and core losses with time, temperature, and flux level are particular
importance to engineers designing tuned circuits and timing circuits. This new material has
given reliable and superior performance over al past powder core materials.

The trade name for this material is molybdenum permalloy powder [2 Molybdenum (Mo)-82
Nickel (Ni)-16 Iron (Fe)]; is made by grinding hot rolled and embrittled cast ingots, The alloy is
screened to a fineness of 120 mesh for use in audio frequency applications, and 400 mesh for use
at high frequencies.

in the power conversion field the MPP core has made its greatest impact in switching power
supplies. The use of MPP cores and power MOSFET transistors has permitted increased
frequency resulting in greater compactness and weight reduction in computer systems. The
power supply is the heart of the system. When the power supply is designed correctly using a
moderate temperature rise, the system will last until it becomes obsolete, In these power systems
there are switching inductors, smoothing choke coils, common mode filters, input filters, output
filters, power transformer, current transformers and pulse transformers. They cannot all be
optimally designed using MIT’ cores. But in some cases MP’P cores are the only ones that will
perform in the available space with the proper temperature rise.
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Nickel-lron Powder Cores Manufacturers

Magnetics Inc.

9(KI East Butler Road
I.O. Box 391

Butler, I's, 16003
Phone (412) 282-8282
FAX (412) 282-6955

Arnold Engineering Co.
300 North West Street
Marengo, Illinois 60152
Phone (815) 568-2000”
FAX (815) 568-2228
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. Information about the Core Data Tables

[1]

[2]

[6]
[7]
’ [8]
[9]
[10]
(1]
[12]

[13]

Part Number

The part number used is close approximation of the manufacturers part number.
MPL

The MPL is the mean magnetic path length in centimeters.

G Dimension

The G dimension is the overall core winding length for bobbin cores in centimeters.
Wife

This is the total weight of the core in grams.

Wicu

This is the total weight in grams of the copper using a window utilization Ky of 0.4.
MLT

The MLT is the mean length turnin centimeters.

A
This is the minimum cross section of the core in square centimeters.

Wa

The is the total window area of the core in square centimeters.

Ap

The area product Ap is the core area Actimes the window area W, in centimeters 4th.
Kg

‘t’he core geometry Kg is in centimeters 5th.

At

C

This is the overall surface area At of the magnetic component in square centimeters.
Perm

Perm is the permeability of the magnetic material such as (2500P).”
AL
Al is the millihenrys per 1000 turns.
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MPP Toroidal Powder Cores
Manufacturer Magnetics Inc.

PartNo. MPL  ifa Wy MLT A, W, A, Kg Av gy AL
cm grans  grams cm cm? cm? om? m® cm?
MP-55022 1435 0560 0140 0955 00482 00410  0.00197 0.0000399 1.987 26 10
MP-55021 1435 0560 0140 0955  0.0482 00410 0.02197 0.0000399 1.987 60 24
MP-55020 1435 0560 0140  0.955 00482 0.0410  0.00197 0.0000399 1987 125 50
MP-55032  1.787 0.930 0.380 1.138 0.0602  0.0937  0.00564 0.0031195 3131 26 11
MP-55031  1.787 0.930 0.380 1.138 0.0602  0.0937  0.00564 0.0001195 3131 60 25
MP-55030  1.787 0.930 0.380 1.138 0.0602  0.0937  0.00564 0.0031195 3131 125 52
MP-55282 2180 1400 0650 1280 00751  0.1429  0.01073 0.0002519 4398 26 11
MP-55281  2.180 1.400 0.650 1.280 00751 01429  0.01073 0.0002519 4398 60 25
MP-55280 2180 1400 0650 1280 00751  0.1429  0.01073 0.0002519 4398 125 53
MP-55292 2180 1800 0710 1406 00937 01429  0.01339 0.0003572 4697 26 14
NIP-55201 2180  1.800 0710 1406 00937 01429  0.01339 0.0003572 4697 60 32
MP-55290 2.180  1.800 0710 1406 00937  0.1429  0.01339 0.0003572 4697 125 66
MP-55042  2.380 1.900 0.840 1.447 0.0976 0.1641 0.01602 0.0004324 5145 26 14
MP-55041 2.380 1.900 0.840 1.447 0.0976 0.1641 0.01602 0.0004324 5145 60 32
NIP-55(140 2.380 1.900 0.840 1.447 0.0976 0.1641 0.01602 0.0004324 5.145 125 66
MP-55132  2.690 2100 1460 1528 00927 02679  0.02485 0.0006032 6431 26 11
MP-55131 2690 2100 1460 1528 00927 02679  0.02485 0.0006032 6431 60 26
MP-55130  2.690 2100 1460 1528 00927 02679  0.02485 0.0006032 6.431 125 53
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MPP Toroidal Powder Cores
Manufacturer Magnetics Inc.

Part No.  MPL ‘tie Wiq MLT A, W, A'P Kg Ay em Ap
cm grams grams cm am? m? am? cm’
MP-55052  3.120 3.100 2.510 1.776 0.1170 03971  0.04646 0.0012247 8677 26 12
MP-55051  3.120 3.100 2.510 1.776 0.1170  0.3971  0.04646 0.0012247 8.677 60 27
MP-55050  3.120 3.100 2.510 1.776 0.1170  0.3971  0.04616 0.0012247 8.677 125 56
NIP-55122  4.110 6.800 6.080 2.337 0.1956  0.7313  0.14302 0.004787 14989 26 15
MP-55121 4.110 6.800 6.080 2.337 0.1956  0.7313  0.14302 0.004787 14989 60 35
MP-55120 4.110 6.800 6.080 2.337 0.1956  0.7313  0.14302 0.004787 14989 125 72
YIP-55382  4.140 8.200 5.600 2.398 0.2347  0.6564  0.15403 0.006030 15388 26 19
NIP-55381  4.140 8.200 5.600 2.398 0.2347 0.6564  0.15403 0.006030 15388 60 43
MP-55380  4.140 8.200 5.600 2.398 0.2347  0.6564  0.15403 0.006030 15.388 125 89
MP-55208 5.090 10.020  10.960 2.642 0.2347 11669  0.27383 0.009730 21681 26 14
NIP-55848  5.090  10.030  10.960 2.642 0.2347 1.1669  0.27383 0.009730 21681 60 32
MP-55206 5.090 10000  10.960 2.642 0.2347 11669  0.27383 0.009730 21681 125 68
NIP-55312 5670 16.000  15.420 3.04s 0.3285 14226  0.46739 0.020153 27530 26 19
MP-55059  5.670  16.000  15.420 3.048 0.3285 14226  0.46739 0.020153 27530 60 43
MP-55310  5.670  16.000  15.420 3.048 0.3285  1.4226  0.46739 0.020153 27530 125 90
MP-55352 5.880 20.030  17.830 3.308 0.3954 15153  0.59909 0.028639 30261 26 22
MP-55351 5.880 20.000 17.830 3.308 0.3954 15153  0..59909 0.028639 30261 60 51
MP-55350 5880 20.000 17.830 3.308 0.3954  1.5153  0.59909 0.028639 30.261 125 105
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MPP Toroidal Powder Cores
Manufacturer Magnetics Inc.

PartNo. MPL W, W, MLT A W A K A Perm 4
cm grams grams cm 2 cm C&'l Cﬁ\ Cé\ C&\

MP-55932  6.350  36.000 22.260  3.942 0.{]%09 15882  1.0495s 0.070381 38379 26 32
NIP-55804 6350 36.000 22260 3942  0%09 15882 1.04958 0.070381 38379 60 75
MP-55930  6.350  36.000 22.260 3942  0.6609 15882  1.04958 0.070381 38.379 125 157
MP-55587 8950 35000 60770 4165 04707 41022  1.93182 0.087356 62.498 26 16
MP-55586 8950 35000 60770 4165 04709 41022 1.93182 0.087356 62.498 60 38
34p-55585  8.950 35000 60770 4165 04709 41022  1.93182 0.087356 62.498 125 79
MP-55550 8150 47.000 45830 4348 06768 29639  2.00597 0.124886 56.598 26 28
MP-55071 8150 47.000 45830 4348 06768 29639  2.00597  0.124886 56.598 60 61
MP-55548 8150  47.000 45830 4348 06768 29639  2.00597 0.124886 56.508 125 127
MP-55326 8980 52.000 60.460 4539 06833 37457 255027  0.1540819 66225 26 24
MP-55076 8980 52.000 60.460 4539  0.6833 3.7457 255927 0.1540819 66225 60 56
MP-55324 8980 52.000 60.460 4539  0.6833 37457 255927 0.1540819 66.225 125 117
MP-55256  9.840  92.000 85770 5507 11058  4.3803  4.84371 0.389064 852%3 26 35
MP-55083 9.840 92.000 85770 5507 11058 43803  4.84371 0.389064 85238 60 81
MP-55254  9.840  92.000 85770 5507 11058  4.3803  4.84371 0.389064 85.238 125 168
MP-55091 11.630 131.000 137.070  6.177 13330 62400 831767 0.717932 114743 26 37
MP-55090 11.630 131.000 137.070  6.177 13330 62400 8.31767 0.717932 114743 60 86
MP-55089 11.630 131.000 137.070  6.177  1.3330  6.2400. 8.31767 0.717932 114.743 125 178

('3u0) eye(] 3100 JIPMO] [EPIOIO], JJJN L'9 19l



e

MPP Toroidal Powder Cores
Manufacturer Magnetics Inc.

Part No. MPL ‘tie Wiew MLT AC W, AP Kg A, Perm AL

cm grams  grams cm cm? cm? cm? em® cm?

MP-55717 12.730 132.000 169.420 6.218 1.244 7.6621  9.53001 0.762526 130.473 26 32
MP-55716 12.730 132.000 169.420 6.218 1.244 7.6621 953001 0.762526 130.473 60 73
MP-55715 12.730 132.000 169.420 6.218 1.244 7.6621 953001 0.762526 130.473 125 152

MP-55440 10.740 182.000 103.180 6.624 19772 43803  8.66085 1.034038 110.062 26 59
MP-55439 10.740 182.000 103.180 6.624 19772 43803 866085 1.034038 110.062 60 135
NIP-55438  10.740 182.000 103.180 6.624 19772 43803  8.66085  1.034038 110.062 125 281

NIP-55111 14.300 176.000 233.470 6.807 1.463 9.6448 1410867 1212742 161.936 26 33
.MP-55I110  14.300 176.(XKI 233.470 6.807 1.463 9.6448 1410867 1212742 161936 60 75
MP-55109 14.300 176.000 233.470 6.807 1.463 9.6448 14.10867 1.212742 161.936 125 156
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Core Loss Curves
for
Magnetics MPP Powder Core 125 Perm
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Figure 6.1Magnetics MP powder core 125 perm loss curves.

Core 10ss equation:

milliwatts per gram= 3.91x107° ()" (B, )""

f= Hertz
Bac = Tesla
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‘ Core Loss Curves
for
Magnetics MPP Powder Core 60 Perm
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Figure 6.2 Magnetics MPP powder core 60 perm loss curves.

Core 10ss equation:
- _3f 123 2.12
milliwatts per gram = 5.51x10 *(f)""(B,.)

f= Hertz
Bgc = Tesla
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Core Loss Curves
for
Magnetics MPP Powder Core 26 Perm
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Figure 6.3 Magnetics MIT’ powder core 26 perm loss curves.

Core 10ss equation:

milliwatts per gram = 1.51x107 (f)] 16( )2 v

f= Hertz
Bac = TCSIH
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High Flux Toroidal Powder Cores
Manufacturer Magnetics Inc.

PartNo.  MPL ‘tfe ‘tcu  MLT AC W, AP Kg A, ‘em AL
cm grams grams cm cm? cm? em? cm® cm?
HF-58022 1435 0.560 0.140 0.955 0.0482  0.0410  0.00197 0.0000399 1.987 26 10 =
HF-58021  1.435 0.560 0.140 0.955 0.0482  0.0410  0.00197 0.0000399 1.987 60 24 <
HF-58020  1.435 0.560 0.140 0.935 0.0482  0.0410  0.00197 0.0000399 1.987 125 30 -
o
HF-58032  1.787 0.930 0.380 1.138 0.0602  0.0937  0.00564 0.0001195 3131 26 11 as
HF-58031  1.787 0.930 0.380 1.138 0.0602  0.0937  0.00564 0.0001195 3131 60 25 a
HF-58030  1.787 0.930 0.380 1.138 0.0602  0.0937  0.00564 0.0001195 3.131 125 52 =z
X
HF-58282  2.180 1.400 0.650 1.280 0.0751  0.1429  0.01073 0.0002519 4398 26 11 s
HF-58281  2.180 1.400 0.650 1.280 0.0751  0.1429  0.01073 0.0002519 4398 60 25 S.
HF-58280  2.180 1.400 0.650 1.280 0.0751  0.1429  0.01073 0.0002519 4398 125 53 s
1
HF-58292  2.180 1.800 0.710 1.406 0.0937  0.1429  0.01339 0.0003572 4697 26 14 g
HF-58291  2.180 1.800 0.710 1.406 0.0937  0.1429  0.01339 0.0003572 4697 60 32 Y
HF-58290  2.180 1.800 0.710 1.406 0.0937  0.1429  0.01339 0.0003572 4697 125 66 A
=}
HF-58042  2.380 1.900 0.840 1.447 0.0976  0.1641  0.01602 0.0004324 5145 26 14 'é
HF-58041  2.380 1.900 0.840 1.447 0.0976  0.1641  0.01602 0.0004324 5145 60 32 3
HF-58040  2.380 1.900 0.840 1.447 0.0976  0.1641  0.01602 0.0004324 5.145 125 66
HF-58132  2.690 2.100 1.460 1.528 0.0927  0.2679  0.02485 0.0006032 6.431 26 11
HF-58131  2.690 2.100 1.460 1.528 0.0927  0.2679  0.02485 0.0006032 6.431 60 26

HF-58130  2.690 2.100 1.460 1.528 0.0927  0.2679  0.02485 0.0006032 6.431 125 53
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High Flux Toroidal Powder Cores
Manufacturer Magnetics Inc.

PatNo. MPL 5, Wy, MLT AC w, A, K, Ay Perm ‘L
cm grams grams cm am? cm? cm’ cm cm?
HF-58052  3.120 3.100 2.510 1.776 0.1170 03971  0.04646 0.0012247 8677 26 12
HF-58051  3.120 3.100 2.510 1.776 0.1170 03971  0.04646 0.0012247 8677 60 27
HF-58050  3.120 3.100 2510 1.776 0.1170  0.3971  0.04646 0.0012247 8.677 125 56
HF-58122 4.110 6.800 6.080 2.337 0.1956  0.7313  0.14302 0.004787 14989 26 15
HF-58121  4.110 6.800 6.080 2.337 0.1956  0.7313  0.14302 0.004787 14989 60 35
HF-58120 4.110 6.800 6.080 2.337 0.1956  0.7313  0.14302 0.004787 14.989 125 72
HF-58382  4.140 8.200 5.600 2.398 0.2347 06564  0.15403 0.006030 15.388 26 19
HF-58381  4.140 8.200 5.600 2.398 0.2347 0.6564  0.15403 0.006030 15388 60 43
HF-58380  4.140 8.200 5.600 2.398 0.2347 0.6564  0.15403 0.006030 15.388 125 89
HF-58208 5090 10000 10960 2.642 0.2347 1.1669  0.27383 0.009730 21681 26 14
I-IF-58848 5090 10000  10.960 2.642 0.2347  1.1669  0.27383 0.009730 21681 60 32
HF-58206 5000 10.000  10.960 2.642 0.2347 1.1669  0.27383 0.009730 21.681 125 68
HF-58312 5670 16.000  15.420 3.048 0.3285 14226  0.46739 0.020153 27530 26 19
HF-58059 5670 16.000  15.420 3.048 0.3285  1.4226  0.46739 0.020153 27530 60 43
HF-58310 5670  16.000  15.420 3.048 0.3285 14226  0.46739 0.020153 27530 125 90
HF-58352 5880 20.000 17.830 3.308 0.3954 15153  0.59909 0.028639 30.261 26 22
I-IF-58351  5.880  20.000  17.830 3.308 0.3954 15153  0.59909 0.028639 30261 60 51
FE-58350 5.880 20.000  17.830 3.308 0.3954 15153  0.59909 0.028639 30.261 125 105
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High Flux Toroidal Powder Cores

Manufacturer Magnetics Inc.

Part No. MPL tie “teu MLT A, W, AP Kg Ay Perm AL
cm grams grams cm Cm2 cm 2 cm4 cm cm2
HF-58932  6.350 36.000  22.260 3.942 0.6609  1.5$82  1.(34958 0.070381 38379 26 32
HF-58894  6.350 36.000  22.260 3.942 0.6609 15882  1.04958 0.070381 38379 60 75
HF-58930  6.350  36.000  22.260 3.942 0.6609  1.5882 124958 0.070381 38.379 125 157
HF-58550  8.150  47.000  45.830 4.34s 0.6768  2.9639  2.(X)597 0.124886 56598 26 28
HF-58071  8.150  47.000  45.830 4.348 0.6768  2.9639  2.00597 0.124886 56.598 60 61
HF-58548  8.150 47.000  45.830 4.348 0.6768  2.9639  2.00597 0.124886 56.598 125 127
HF-58587  8.950  35.000  60.770 4.165 0.4709  4.1022  1.93182 0.087356 62.498 26 16
HF-5858  8.950 35.000  60.770 4.165 0.4709 41022  1.93182 0.087356 62498 60 38
HF-58585  8.950 35.000  60.770 4.165 0.4709  4.1022  1.93182 0.087356 62498 125 79
HF-58326 8980 52.000 60.460 4,539 0.6833  3.7457 255927  0.1540$19 66.225 26 24
HF-58076 8980 52.000 60.460 4,539 06'333  3.7457 255927  0.1540819 66.225 60 56
HF-58324 8980 52.000 60.460 4.539 0.6833  3.7457  2.55927  0.1540'819 66.225 125 117
HF-58256  9.840  92.000  85.770 5.507 1.1058  4.3803  4.84371 0.389064 85238 26 35
HF-58083  9.840  92.000  85.770 5.507 1.1058  4.3803  4.84371 0.389064 85238 60 81
HF-58254  9.840 92.000  85.770 5.507 1.1058  4.3803  4.84371  0.389064 85.238 125 168
HF-58091 11.630 131.000 137.070 6.177 1.3330  6.2400  8.31767 0.717932 114743 26 37
HF-58090 11.630 131.000 137.070 6.177 1.3330  6.240C  8.31767 0.717932 114743 60 86
HF-58089 11.630 131.000 137.070 6.177 1.3330  6.2400 8.31767 0.717932 114743 125 178
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High Flux Toroidal Powder Cores

Manufacturer Magnetics Inc.

PartNo. MPL  «tje@ Wy, MLT AC w, A, K, A, Perm AL
cm grams  grams cm em? cm? cm* cm * em?
HF-58717 12730 132.000 169.420 6218 1244  7.6621  9.53001 0.762526 ~ 130.473 26 32
HF-58716 12,730 132.000 169.420 6218 1244 76621  9.53001 0.762526 ~ 130.473 60 73
HF-58715 12.730 132.000 169.420  6.218 1244  7.6621  9.53001 0.762526 ~ 130.473 125 152
HF-58440 10.740 182.000 103.180  6.624 19772 43803  8.66085 1.034038  110.062 26 59
HF-58439  10.740 182.000 103.180  6.624 19772 43803 866085 1.034038 110062 60 135
HF-58438  10.740 182.000 103.180 6624 19772 43803  8.66085 1.034038  110.062 125 281
HF-58111 14.300 176.000 233.470  6.807 1463  9.6448 14.10867 1.212742  161.936 26 33
HF-58110  14.300 176.000 233.470  6.807 1463  9.6448 14.10867 1.212742 161936 60 75
HF-58109 14.300 176.000 233.470  6.807 1463  9.6448 14.10867 1212742  161.936 125 156
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Core Loss Curves
for
Magnetics High Flux Powder Core 125 Perm
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Figure 6.5 Magnetics high flux powder core 125 perm loss curves.

Core 10ss equation:

milliwatts per gram =1. 26x1 0'2(/‘)1'46(8,“)2'59

f= Herlz
Bgc = Tesla
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Core Loss Curves
for
Magnetics High Flux Powder Core 60 Perm
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Figure 6.6 Magnetics high flux powder core 60 perm loss curves.

milliwatts per gram = 1.569x1072(f) *(B,.)**

= Heriz
Bac = Tesla
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Core Loss Curves
for
Magr etics High Flux Powder Core 26 Perm
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Figure 6.7 Magnetics high flux powder core 26 perm loss curves.

Core 10ss equation:

f= Herlz
Bac = Tesla
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milliwatts per gram = 3.18x10 (f)M(BM)QM
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Kool Mu Toroidal Powder Cores
Manufacturer Magnetics Inc.

PartNo. MPL 5o W, MLT AC w, A, Perm  Ap
cm grams  grams cm m? cm? em? cm?
KM-77021 1435 0393 0140 0955  0.0482 0.0410  0.00197 1.987 60 24
KM-77825 1435 0393 0140 0955 00482 00410  0.00197 1.987 75 30
KM-77824 1435 0393  0.140 0955 00482 AMAP  0.00197 1987 90 36
KM-77020 1435 0393 0140 0955 00482 00410 0.00197 1.987 125 50
KM-77031 1787 0676 0380 1138 00602  0.0937  0.00.%4 3131 60 25
KM-77835 1787 0676 0380 1138 00602  0.0937  0.00564 3131 75 31
KM-77934 1787 0676 ~ 0380 1138 00602 0.0937  0.00564 3131 90 37
KM-77030 1787 0676 0380 1138 00602 0.0937  0.00564 3131 125 52
KM-77281 2180 1008  0.650 1250 00751 01429  0.01073 4398 60 25
KM-77885  2.180 1008 0650 1280 00751 01429  0.01073 4398 75 32
KM-77884 2180  L1(°08 0650 1280 00751 01429  0.01073 4398 90 38
KM-77280 2190 1008  0.650 1280 00751 01429  0.01073 439s 125 53
KM-77041 2380 1460  0s40 1447 00976 01641  0.01602 5145 60 32
KM-77845 2350 1460 0540 1447 00976  0.1641  0.01602 5145 75 40
KM-77844 23S0 1460  0s40 1447 00976  0.1641  0.01602 5145 90 48
KM-77040 2380 1460  0.s40 1447 00976 01641  0.01602 5145 125 66
KM-77131 2690 1499 1460 1528 00927  0.2679  0.024S5 6.431 60 26
KM-77335 2690 1499 1460 1528 00927 02679  0.02485 6.431 75 32
KM-77334 2690 1499 1460 1525 00927 0.2679  0.02485 6.431 90 38
KM-77130 2690 1499 1460 1528 00927  0.2679  0.02485 6.431 125 53
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Kool Mu Toroidal Powder Cores

Manufacturer Magnetics Inc.

Part No. MPL ‘tfe Wiew MLT AC W, Ap Kg A, em Ap
cm grams grams cm sz Cm2 cm4 cmb cm2
KM-77051  3.120 2.2W 2.510 1.776 0.1170 03971  0.04646 0.0012247 8677 60 27
KM-77055  3.120 2.200 2.510 1.776 0.1170 03971  0.04646 0.0012247 8677 75 34
KM-77054  3.120 2.200 2.510 1.776 01170 03971  0.04646 0.0012247 8677 90 40
KM-77050  3.120 2.200 2.510 1.776 0.1170 03971  0.04646 0.0012247 9.677 125 56
KM-77121  4.110 4.900 6.080 2.337 0.1956  0.7313  0.14302 0.004787 14989 60 35
KM-77225  4.110 4.900 6.080 2.337 0.1956 07313  0.14302 0.004787 14989 75 43
KM-77224  4.110 4.900 6.080 2.337 0.1956  0.7313  0.14302 0.004787 14989 90 52
KM-77120 4.110 4.900 6.080 2.337 0.1956  0.7313  0.14302 0.004787 14989 125 72
KM-77848  5.090 7.100  10.960 2.642 0.2347  1.1669  0.27383 0.009730 21681 60 32
KM-77211  5.090 7.100  10.960 2.642 0.2347  1.1669  0.27383 0.009730 21681 75 41
KM-77210  5.090 7.100  10.960 2.642 0.2347  1.1669  0.27383 0.009730 21681 90 49
KM-77206  5.090 7.100  10.960 2.642 0.2347  1.1669  0.273S3 0.009730 21681 125 68
KM-77059  5.670  11.500  15.420 3.048 0.3285 14226  0.46739 0.020153 27530 60 43
KM-77315 5670  11.500  15.420 3.048 03285 14226  0.46739 0.020153 27530 75 54
KM-77314 5670  11.500  15.420 3.048 0.3285 14226  0.46739 0.020153 27530 90 65
ICV-77310 5,670 11500  15.420 3.049 0.3285 14226  0.46739 0.020153 27530 125 90
KM-77894 6.350 25500  22.260 3.942 0.6609 1.5882  1.04958 0.070381 38379 60 75
KM-77935 6350 25500  22.260 3.942 0.6609 15882  1.04958 0.070381 38379 75 94
KM-77934 6.350 25500 22.260 3.942 0.6609 15882  1.04958 0.070381 38379 90 113
KM-77930 6.350  25.500  22.260 3.942 0.6609 15882  1.04958 0.070381 38.379 125 157
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Kool Mu Toroidal P«. . . der Cores
Manufacturer Magnetics Inc.

Part No. MPL ‘tfe Wtcu MLT Ac Wa AP Kg At Perm AL
cm grams grams cm Cm2 Cm2 cm4 cm5 sz
KM-77071  8.150  33.700  45.830 4.348 06768  2.9639  2.00597 0.124886 56598 60 61
KM-77553 8150 33.700  45.830 4.34s 06768 29639  2.00597 (?.124886 56.598 75 76
KIM-77552  8.150  33.700  45.830 4348 06768  2.9639  2.00597 0.124886 56.598 90 91
KM-77548 8.150 33700  45.830 4.348 0.6768  2.9639  2.00597 0.124886 56598125 127
KM-77586 9950 25.000  60.770 4.165 04709  4.1022  1.93182 0.087356 62.498 60 38
KM-77590 8950 25.000  60.770 4.165 04709  4.1022  1.93182 0.087356 62.498 75 47
KM-77599 8950  25.000  60.770 4.165 04709  4.1022  1.93192 0.087356 62.498 90 57
KM-77585 8.950  25.000  60.770 4.165 04709  4.1022  1.93182 0.0S7356 62.498 125 79
KM-77076 8980  37.400  60.460 4.539 0.6833  3.7457  2.55927 0.1540919 66.225 60 56
KM-77329  8.980  37.400  60.460 4,539 0.6833  3.7457  2.55927 0.1540S19 66.225 75 70
KM-77328 8980  37.400  60.460 4,539 0.6833  3.7457  2.55927 0.1540$19 66.225 90 84
KM-77324 8980  37.400  60.460 4,539 0.6833  3.7457  2.55927 0.1540819 66.225 125 117
KM-77083  9.840  64.900  85.770 5.507 1.1058  4.3803  4.84371 0.389064 85238 60 81
KM-77259 9.840 64.900  85.770 5.507 1.1058  4.3803  4.84371 0.3s9064 85.238 75 101
ICI-77258  9.840  64.900  85.770 5.507 1.1058  4.3s03  4.84371 0.389064 85238 90 121
KM-77254  9.840  64.900  85.770 5.507 1.1058  4.3803  4.84371 0.389064 85.238 125 168
KM-77090 11630  96.000 137.070 6.177 13330  6.2400 8.31767 0.717932 114743 60 86
KM-77(294 11.630  96.000 137.070 6.177 13330  6.2400 8.31767 0.717932 114743 75 107
KM-77093 11.630  96.000 137.070 6.177 13330  6.2400 8.31767 0.717932 114.743 90 128
KM-77089 11.630  96.000 137.070 6.177 13330  6.2400 S.31767 0.717932 114.743 125 178
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Kool Mu Toroidal Powder Cores
Manufacturer Magnetics Inc.

Part No. MPL ‘tfe Wicw MLT A, W, Ap A, Perm AL
cm grams grams cm cm? m? em# am?
KM-77716 12.730 132.000 169.420 6.218 1.244 7.6621 9.53001 130.473 73
KM-77720 12.730 132.000 169.420 6.218 1.244 76621  9.53001 130.473 91
KM-77719 12.730 132.000 169.420 6.218 1.244 7.6621  9.53001 130473 100
KM-77715 12.730 132.000 169.420 6.218 1.244 76621  9.53001 130.473 152
KM-77439 10.740 131.400 103.180 6.624 1.9772 43803  8.66085 110.062 135
KM-77443 10.740 131.400 103.180 6.624 19772  4.3803  8.66085 110.062 169
KM-77442 10.740 131.400 103.180 6.624 1.9772 43803  8.66085 110.062 202
KM-77438 10.740 131.400 103.180 6.624 1.9772 43803  8.66085 110.062 281
KM-77110 14.300 127.000 233.470 6.807 1.463 9.6448 14.10867 161.936 75
KM-77214 14.300 127.000 233.470 6.807 1.463 9.6448 14.10867 161.936 94
KM-77213 14.300 127.000 233.470 6.807 1.463 9.6448 14.10867 161.936 112
KM-77109 14.300 127.000 233.470 6.807 1.463 9.6448 14.10867 161.936 156
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. Core Loss Curves
for
Magnetics Kool Mp Powder Core 60/125 Perm
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Figure 6.9 Magnetics Kool Myt powder core Go/125 perm loss curves.

Core loss equation:
milliwatts per gram= 7.36x10 ~*(f)"“*(B,. )™

f= Hertz
Bgc = Tesla

359
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Magnetics Nickel-lron and Kool Mu Powder Cores Materials

Materials Molypermalloy High Flux Kool Mu
Inital Permeability 125 8% 125 8% 125 £8%
Flux Density 0.7T 1.5T 1.0T
Magnetizing Force (1) 500 1000 1000
Residual Flux 0.004T 0.015T 0.007T
Coercivity (2) 03 1.0 0.5
Density (3) 8.50 8.00 6.15

(1) Magnetizing Force, oersted (2) Coercivity, oersted (3) Density, g/cm3
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Figure 6.11 Molypermalloy material 125 permeability B-H loop.
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Figure 6.12 High Flux material 125 permeability B-H loop.
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introduction to Thin Tape Nickel Alloys

High permeability metal alloys are based primarily on the nickel-iron system. Although nickel-
iron alloys were investigated as early 1889 by Hopkinson, it was not until the studies by Elmen,
starting in about 1913, on properties in weak magnetic fields and effects of heat-treatments, that
the importance of the Ni-Fe alloys was realized. Elmen called his Ni-Fe alloys "’ermalloys” and
his first patent was filed in 1916. His preferred composition was the 78 Ni-Fe alloy. Yensen
started an independent investigation shortly after Elmen which resulted in the 50Ni-50Fe alloy
"Hipernik," which has lower permeability and resistivity but higher saturation than the 78-
Permalloy 1.5 tesla compared to 0.75 tesla, making it more useful in powder equipment.

Improvements in the Ni-Fe alloys were achieved by high temperature anneals in hydrogen
atmostphere, as first reported by Yensen. The next improvement was done by using grain
oriented material and annealing in a magnetic field also in a hydrogen atmosphere; this work was
done by Kelsall and Bozorth. Using these two methods, a new material, called Superalloy, was
achieved. 1t has higher permeability, lower coercive force and about the same flux density as 78-
Permalloy. Perhaps the most important of these factors is the magnetic anneal which not only
increases permeability but also provides a “square” magnetization curve important in high
frequency power conversion equipment.

In order to obtain high resistance and therefore lower core losses for high frequency applications,
two approaches have been followed, (1) modification of the shape of metallic alloys and (2)
development of magnetic oxides. This resulted in the development of thin tapes and powdered
alloys in the 1920’s and thin films in the 1950’s. This development of the thin film has been
spurred by the requirements of aerospace power conversion electronics from the mid 1960 to the

present.
The Ni-Fe alloys are available in thicknesses of 2 mil, 1 roil, 0.5 roil, 0.25 and 0.125 roil. The

material comes with a round or square B-H loop. This gives the engineer a wide range of sizes

and configurations from which to select for his/her design.
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. Nickel-lron Tape Core Manufacturers
Engineering Notes

Magnetics Inc.

900 East Butler Road

P.0. 130x 391
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Thone (412) 282-8282

FAX (412) 282-6955 Rep. No._

Arnold Engineering Co.

300 North West Street

Marengo, Illinois 60152

T’hone (815) 568-2(100

FAX (815) 568-2228 Rep. No

National Magnetics Corp.

17030 Muskrat Ave.

Adelanto, California 92301

Thone (619) 246-3020

FAX (619) 246-3870 Rep. No.

. Magnetic Metals Corp.

14042 Willow Lane

Westminster, California 92683

Phone (714) 892-6627

FAX (714) 897-4064 Rep. No
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Information about the Core Data Tables

[1]

[2]

[3]

[4]

5]

[6]

[7]

[8]

[9

[10]

[11]

[12]

[13]

Part Number

The part number used is close approximation of the manufacturers part number.
MPL

The MPL is the mean magnetic path length in centimeters.

G Dimension

The G dimension is the overall core winding length for bobbin cores in centimeters.
Wife

This is the total weight of the core in grams.

Wteu

This is the total weight in grams of the copper using a window utilization Ku of 0.4.
MLT

The MLT is the mean length turn in centimeters.

AC

This is the minimum cross section of the core in square centimeters,

Wa

The is the total window area Of the core in square centimeters,

Ap

The area product A, is the core area Ac times the window area W, in centimeters 4th.
Kg

The core geometry Kg is in centimeters 5th.

At

This is the overall surface area At of the magnetic component in square centimeters.
Perm

Perm is the permeability of the magnetic material such as (2500p).

Al
Al is the millihenrys per 1000 turns.

"



Tape Toroidal Cores 0.5 mil
Manufacturer Magnetics Inc.

PartNo. MPL  «;fo Wy, MLT AC w, A, K, A,

cm grams grams cm cm? cm? 4 cm® cm?
T52402-5 3.244 0.310 3.060 2.093 0.0127 04116  0.005228 0.0000127 9.925
T52153-5 3.492 0.670 3.240 2.215 0.0252 0.4116 0.010374 0.0000472 11.327
T52056-5 4.489 0.860 7.480 2.469 0.0252 0.8519 0.021468 0.0000$77 16.999
T52000-5 4.988 1.920 8.250 2.723 0.0504 0.8519 0.042937 0.0003179 20.807
T52002-5 6.185 2.380 17.110 3.028 0.0504 1.5892 0.080103 0.0005334 29.891
T52076-5 6.484 5.630 17.360 3.495 0.1137 1.3968 0.158828 0.0020669 34.853
T52061-5 6.983 5.370 28.990 3.749 0.1008 2.1742 0.219171 0.0023573 40.555
T52106-5 7.482 6.490 28.910 3.739 0.1137 2.1742 0.247225 0.0030375 44.230
T52007-5 6.484 7.480 18.670 3.759 0.1512 1.3968 0.211208 0.0033983 36.655
T52004-5 8.978 6.910 62.290 4.267 0.1008 4.1049 0.413796 0.0039101  62.512
T52168-5 6.983 8.050 32.910 4.257 0.1512 2.1742 0.328757 0.0046709 44.146
T52029-5 9.477 10.930 66.000 4.521 0.1512 4.1049 0.620694 0.0083035 69.345

(W G0 59107 [eptosof, ade ] [ 3[qeL
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Tape Toroidal Cores 1.0 mil
Manufacturer Magnetics Inc.

PartNo.  MPL  .r .o, MLT AC w, A, Ky Ay

cm grams grams cm sz sz cm4 cm5 CII12
T52402-1 3244 0.470 3.060 2093 00191 04116 0007842 00030286  9.925
T52153-1 3492 1010 3240 2215 00378 04116 0015560 00001062  11.327
T52056-1 4489 1290 7480 2469 00378  0.8519 0032203  0.0001972  16.999
T52000-1 4988 2880 8250 2723 00756 08519 0064406 00007153  20.807
T52002-1 6185 3570 17.110 3028 00756 15592 0120154 00012002  29.891
T52076-1 6484 8440 17.360 3495  0.1706 13968 0238243  0.0046507  34.853
T52061-1 6983  8.060 28990 3749  0.512 21742 0328757 00053039 40555
T52106-1 7482 9740 28910 3739 01706 21742 0370837  0.0067669  44.230
T52007-1 6484 11220 18670 3759 02268 13968 0.316812  0.0076460  36.655
T52004-1 8978 10360 62290 4267 01512 41049 0620694 00087978  62.512
T52168-1  6.893 12080 32910 4257 02268 21742 0493135 00105096  44.146
T52029-1 9477  16.440 66.000 4521 02268 4.1049 0931041 00186829  69.345
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Tape Toroidal Cores 2.0 mil
Manufacturer Magnetics Inc.

Part No. MPL ‘tfe Wi MLT A, w, AP Kg A,
cm grams grams cm cm * cm ‘ cm ‘ em® om?
T52402-2 3.244 0.530 3.060 2.093 0.0216 0.4116 0.008888  0.0000367 9.925
T52153-2 3.492 1.140 3.240 2.215 0.0428  0.4116  0.017635 0.0031365  11.327
T52056-2 4.489 1.470 7.480 2.469 0.0428  0.8519  0.036497 0.0002533  16.999
T52000-2 4.988 3.260 8.250 2.723 0.0857 0.8519 0.072994  0.0009188  20.807
T52002-2 6.185 4.040 17.110 3.028 0.0857 1.5892 0.136175 0.0015415  29.891
T52076-2 6.484 9.560 17.3643 3.495 0.1933 1.3968 0.270009  0.0059735  34.853
T52061-2 6.983 9.130  28.990 3.749 0.1714 2.1742 0.372591  0.0068124  40.555
T52106-2 7.482 11.040  28.910 3.739 01933 21742 0.420282  0.00$6917  44.230
T52007-2 6.484 12.720  18.670 3.759 0.2571  1.3968  0.359054  0.0098209  36.655
T52004-2 8.978 11.740 62.290 4.267 0.1714 41049 0.703453  0.0113003  62.512
T52168-2 6.893 13.7(XI 32.910 4.257 0.2571 2.1742 0.558887  0.0134991 44.146
T52029-2 9.477 18.590 66.000 4,521 0.2571 4.1049 1.055179  0.0239972 69.345
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Core Loss
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1.0
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Core Loss Curves
for
Magnetics Ni-Fe Material Perm 80
Tape Thickness 0.5 mil
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Figure 7.1 Magnetics Ni-Fe 0.5 mil Perm 80 core loss curves.

Core 10ss equation:

milliwatts per gram = 27.3x10 (f)"¥ (B,.)"**

f=Herlz
Bac = Tesla
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Core Loss Curves
for
Magnetics Ni-Fe Material Perm 80
Tape Thickness 1 mil

100 F LI R A B R L | T TTTT T T 1T Ty
g s .
4]
W
30
2 10 .
£ 100kHz
= 50kHz ]
S E S
& é 25 kHz
(=S o
© &
k) 10 kHz
% 1.0 5 kHz E
o N
g -~
0.] ] 4 ' el Jll 'l ' V'l ekl lj] V'l 'l o Ll el
0.01 0.1 1.0 10

Flux Density, tesla
Figure 7.2 Magnetics Ni-Fe 1 mil Perm 80 core loss curves.
Core loss equation:

milliwatts per gram = 77.4x10° (f)l's(BM)l'8

f== Hertz
Bac = Tesla
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Core Loss Curves
for
Magnetics Ni-Fe Material Perm 80
Tape Thickness 2 mil
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Figure 7,3 Magnetics Ni-Fe 2 rni] Perm 80 core 1 curves.

Core 10ss equation:

milliwatts per gram =1.65x10*(f)"*(B,.)"”’

f=Herlz
Bac = Tesla
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Core Loss Curves
for
Magnetics 50% Ni-Fe Orthonol Material
Tape Thickness 1 mil
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Figure 7,4 Magnetics 50% Ni-Fe 1 mil Orthonol core loss curves.

Core 10ss equation:
milliwatts per gram = 2'8])(10_30)1.21 (Bw )1.33

f= Hertz
Bac = Tesla
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Core Loss Curves
for
Magnetics 50% Ni-Fe Orthonol Material
Tape Thickness 2 mil
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Figure 7.5 Magnetics 50% Ni-Fe 2 r-nil Orthonol core loss curves.

Core 10ss equation:

milliwatts per gram= 5.59x10™*(f)"*'(B,.)"”

f= Herlz
Bac = Tesla
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Core Loss Curves
for
Magnetics 80% Ni-Fe Superaloy Material
Tape Thickness 1 mil
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Figure 7.6 Magnetics 80% Ni-Fe 1 mil Supermalloy core loss curves.

Core 10ss equation:

milliwatts per gram =2.46x10 (f)]‘as(Bar)m

f=Hertz
Bgc = Tesla
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Core Loss Curves

for
Magnetics 80% Ni-Fe Superalloy Material
Tape Thickness 2 mil
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Figure 7.7 Magnetics 80% Ni-Fe 2 mil Supermalloy core loss curves.

Core 10ss equation:

milliwatts per gram =1.79x10™ (f)Mg (Bac )2'15

i = Heriz
Bac = Tesla
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Magnetics Inc. Nickel-lron & Amorphous Tape Core Materials

Materials (1) (5) F D A B E
Curie Temperature “c >370 >370 >5C0 >370 >205
Flux Density B, 0.65-0.82T | 0.66-0.82T | 1.42-1.58T 1.5-16T 0.5-.65T
Squareness Ratio B,./Bm A-7 >0.8 >0.9 >0.9 >0.9
Coercivity (2) H. .003-.008 .02-.04 1-2 .03-.08 008-.02
Resistivity (3) p 57 57 45 135 140
Density (4) 8 8.7 8.7 8.2 7.32 7.59

(1) Toroidal, core data (2) Coercivity, dc oersted (3) Resistivity, uQ -cm (4) Density, g/cm °
(5) F is Supermalloy, D is Sq. Permalloy, A is Orthonol, B is Metglas 26055C, E is Metglas 2714A
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Square Permalloy 80
DC Hysteresis Loop
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Figure 7.8 Square Permalloy 80 DC hysteresis loop.
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Figure 7.91,0 mil Permalloy 80100kl Iz hysteresis loop.
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B, Tesla

0.5 mil Permalloy SO -0.81
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Figure 7.100.5 mil Permalloy 80 100kHz hysteresis loop.
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Figure 7.11 Metglas 2714A 100kHz hysteresis loop.
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Introduction to Metallic Glass

The first synthesis of a metallic glass that drew wide attention among material scientists occurred
in 1960. Klement, Willens and Duwez reported that a liquid AuSi alloy, when rapidly quenched
to liquid nitrogen temperature, would form an amorphous solid. It was twelve years later that
Chen and Polk produced ferrous-based metallic glasses in useful shapes with significant
ductility. Metallic glasses have since survived the transition from laboratory curiosities to useful
products, and are currently the focus of intensive technological and fundamental studies.

Metallic glasses are generally produced by liquid quenching in which a molten metal alloy is
rapidly cooled (at rates on the order of 109 degrees/see.) through the temperature at which
crystallization normally occurs. The basic difference between crystalline (standard magnetic
material) and glassy metals is in their atomic structures. Crystalline metals are composed of
regular, three dimensional arrays of atoms which exhibit long-range order. Metallic glasses do
not have long-range structural order. Despite their structural differences, crystalline and glassy
metals of the same compositions exhibit nearly the same densities.

The electrical resistivities of metallic glasses are much larger (up to three times higher) than those
of crystalline metals of similar compositions. The magnitude of the electrical resistivities and
their temperature coefficients in the glassy and liquid states are almost identical.

Metallic glasses are quite soft magnetically. The term “soft” refers to a large response of the
magnetization to a small applied field. A large magnetic response is desirable in such
applications as transformers and inductors. The obvious advantages of these new materials are
in high frequency applications with their high induction, high permeability and low core loss.

There are three materials that have been used in high frequency applications: Metglas* 26055C,
Metglas 2714A and Metglass 2605TCA. Material 26055C offers a unique combination of high
resistivity, high saturation induction, and very low core loss making it suitable for designing high
frequency dc inductors. Material 2714A offers a unique combination of high resistivity, high
squareness ratio B¢/Bg, and very low core loss making it suitable for designing high frequency

transformers and mag-amps.

*Metglas is Allied-Signals, inc. registered trademark for amorphous alloys of metals,



Amorphous Tape Core Manufacturers
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‘ Information about the Core Data Tables

[1] Part Number

The part number used is close approximation of the manufacturers part number.
[2] MPL
The MPL is the mean magnetic path length in centimeters.

[3] G Dimension
. The G dimension is the overall core winding length for bobbin cores in centimeters.
[4] Wife
This is the total weight of the core in grams.
[5] Wicu
This is the total weight in grams of the copper using a window utilization Ku of 04.
[6] MLT
The MLT is the mean length turn in centimeters.
[7] A,
This is the minimum cross section of the core in square centimeters.
[8] Wa
’ The is the total window area of the core in square centimeters.
[9] Ap
The area product A is the core area A times the window area W, in centimeters 4th.
[10] Kg
The core geometry Kg is in centimeters 5th.
11 At
This is the overall surface area At of the magnetic component in sguare centimeters.
[12] Perm
Perm is the permeability of the magnetic material such as (2500p).
[13] AL

AL is the millihenrys per 1000 turns.




Tape Toroidal Cores 1.0 mil
Manufacturer Allied-Signal, Inc.

PartNo. ~ MPL  «;fo W, MLT AC W, A, K¢ Ay
cm grams  grams cm cm? cm * m? om® cm’
AMP1303 3503  1.10 3.46 1984 00413 04902  0.02025 0.0001686  10.667
AMP1603 4497 140 771 2240 00410 09678  0.03967 0.0002904  16.277
AMP1305 3463 150 3.85 2208 00571 04902  0.02799 0.0002895  11.351
AMP1903 5003 311 8.59 2496 00817 09678  0.07907 0.0010353  19.957
AMP2303  6.188 380  16.77 2816 00810 16744 0.13562 0.0015604  28.841
AMPI805 4884 401 8.91 2736 01081 09162  0.09904 0.0015709  20.764
AMP1906 4997 611 9.75 3048 01613 08993  0.14505 0.00307(34  22.736
AMP2510  7.010 1282  33.19 4112 02407 22701  0.54641 0.0127939  43.607
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Core Loss Curves
for
Magnetics Materia Type 2714A
High Frequency
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Figure 8.1 Allied Signal Inc. Metglas material type 2714A core loss curves.

Core 10ss equation:

milliwatts per gram=10.1x10" (f)l'ss(B,,c)l‘67

f= Hertz
Bac = Tesla
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Core Loss Curves
for
Magnetics Metglas Material Type 2605SC
High Flux
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Figure 8.2 Allied Signal Inc. Metglas material type 26055C core loss curves,

Core 10ss equation:
- 6 ( AL73 2.23
milliwatts per gram = 8.79x10°°(f) " (B,.)

f= Hertz
Bgc = Tesla
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Core Loss Curves

for
Magnetics Metglas Material Type 2605TCA
High Flux
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Figure 8.3 Allied Signal Inc. Metglas material type 2605TCA core loss curves.
Core 10ss equation:

milliwatts per gram =3.608 x10-2 (f)""*(B,.)*"

t= Herlz
Bac = Tesla
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Table 8.3 Amorphous Tape Core Materials Characteristics.
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DC Hysteresis Loop
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Figure 8.4 Metglas type 2605TCA DC hysteresis loop.
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Figure 8.5 Metglas type 26055C DC hysteresis loop.
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Figure 8.6 Metglas type 2714A DC hysteresis loop.
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Figure 8.7 Metglas type 2705MF DC hysteresis loop.
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Information about the Wire Tables

[1]

[2]

[3]

[4]

[7]

AWG

AWG is the American Wire Gage sizes 10 through 44.

Bare Wire Area

Bare wire area in square centimeters.

Bare Wire Area

Bare wire area in circular roils.

pe/ cm

This is the resistance of the copper wire in micro-ohms per centimeter.
*Heavy Insulation

This is the total wire area with insulation in square centimeter.
*Heavy Insulation

This is the turns per centimeters.

*Heavy Insulation

This is turns per square centimeter using a fill factor of 0.6.

*Heavy Insulation is double coated magnet wire
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' Table 9.1 Wire Table

*Bare Wire Area Heavy Insulation
AWG 12/ cm
em? CIR-MIL em? Turns/cm Turns/Zcn?

10 0.05260 103845X) 32.70 0.05590 3.87 10.73

1 0.04168 8226.00 41,37 0,04450 4.36 13.48

12 0.03308 6529.00 52,09 0.03564 4.85 16.81

13 ().02626 5184.00 65.64 0.02836 5.47 21.15

14 0.02082 4109.00 82.80 0.02295 6.04 26,14

15 0.01615 3260.00 104.3 0.01837 6.77 32,66

16 0s)1307 2581.00 131.8 0.01473 7.32 40.73

17 0.01039 2052.00 165.8 0.01168 8.18 51.36

18 0.008228 1624.00 209.5 0.009326 9.13 64.33

19 0.006531 1289.00 263.9 0.007539 10.19 79.85

2 0.005188 1024.00 3323 0.006065 11.37 98.93

21 0.004116 812.30 418.9 0.024837 12.75 124,0

22 ().003243 640.10 5314 0,003857 14.25 155.5

23 0.002588 510.80 666.0 0.003135 15.82 1913

24 0.002047 404.00 842.1 0.002514 17.63 238.6

25 0.001623 320.40 1062.0 0.002002 19.8 299.7
' 26 0.001280 252.80 1345.0 0.001603 22.12 374.2

27 0.001021 201.60 1687.6 0.001313 24.44 456.9

28 0.0008048 158.80 2142.7 0.0310515 27.32 570.6

29 0.0006470 127.70 2664,3 0.0008548 30.27 701.9

3 0.0005067 100.0 3402.2 0.0006785 33.93 884.4

3l 0.0004013 79.21 4294.6 0.0005596 37.48 1072

32 0.0003242 64,00 5314.9 0.0004559 41.45 1316

33 0.0002554 50.41 6748.6 0.0003662 46.33 1638

34 0.0002011 39.69 8572.8 0.0302863 52.48 2095

35 0.0001589 31.36 10849 0.0002268 58.77 2645

36 0.0001266 25.00 13608 0.0001813 65.62 3309

37 0.00010.26 20.25 16801 0.0001538 71.57 3901

38 0.00008107 16.00 21266 0,0001207 80.35 4971

39 0.00006207 12.25 27775 0,0000932 91.57 6437

40 0.00004869 961 35400 0.0000723 103.6 8298

41 0.00003972 7.84 43405 0.0000584 115.7 10273

42 0.00003166 6.25 54429 0.0300456 131.2 13163

43 0.00002452 4.84 70308 0.0000368 145.8 16291

44 0.00002020 4.00 85072 0.0000317 157.4 18957
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Magnet Wire and Materials Manufacturers

Essex Magnet Wire

1510 Wall Street

Fort Wayne, Indiana 46802
Phone (219) 461-4000

FAX (219) 461-4531

Phelps Dodge

Magnet Wire Corp.
I".0.Box 600

Fort Wayne, Indiana 46801
Phone (219) 458-4444

FAX (219) 420-1072

MWS Wire Industries
31200 Cedar Valley Drive

Westlake Village, California 91362

Phone (818) 991-8553
FAX (818) 706-0911

Litz Wire

Cooner Wire Co.

9265 Owensmouth Ave.
Chatsworth, California 91311
Phone (818) 882-8311

FAX (818) 709-8281

Foil

The E. Jordan Brookes Co. Inc.
6601 Telegraph Road

Los Angeles, California 90040
Phone (213) 722-8100

FAX (213)888-2275

Industrial Dielectric’s West Inc.
455 East 9th Street

San Bernardino, California 92410

Phone (714) 381-4734
FAX (714) 884-1494
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Magnet Wire and Materials Manufacturers (cent)

Special Bobbins

Dorco Electronics
Fiberglass Products Div.
15533 Vermont Ave.
Paramount, California 90723
Phone (310) 633-4786

FAX (310) 633-0651

Transformers Materials
Fralock

21054 Osborne Street

Canoga Park, California 91304
Phone (818) 709-1288

FAX (818) 709-1738

Engineering Notes

Rep. No.__... ... —— .

Rep. No._... —



Figure 9.1 Shows how the rms value changes with different wave shapes
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Figure 9.1 Common converter waveforms, with rms values.
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Magnetic Component Manufacturers

The magnetic designed in chapter 3 are listed in Table 9.2 and can be supplied by the
manufacturers listed below. The magnetic components can then be used for circuit evaluation
and analysis.

Rodon Products Inc.

752(l Suzi Lane

Westminster, Ca. 92683

Phone (714) 898-352 FAX (714) 897-5099

RODON Products. Inc., a California Corporation, manufactures electromagnetic devices
per customer specifications and will certify to Ml L-1-45208, Inspection System
Requirements. This includes coils, chokes, inductors and transformers, both toroidal and
standard E-1 cores. RODON specializes in working with fine wire components which
includes AWG #40 to AWC; #50 gage magnet wire. With 32 years of experience, RODON
has the capability of providing design assistance regarding these items. Engineering
assistance is available for the writing of specifications for electro-magnet items in
accordance with both military and commercial requirements.

Transmission Networks International
205 Forest Drive

Knightdale, NC 27545

Phone (919) 266-4411 FAX (919) 266-6008”

Transmission Networks international, (TN]) has built a solid reputation on quality
products and service in the design and manufacture of custom coils, filters, inductors,
and transformers. TNI has a fully documented quality program which includes statistical
process control (SPC) and meets the requirements of Mil-1-45208. Units can be
constructed to UL, VDE, CSA, BE LLCORE, and Mil T-27 specifications.
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Table 9.2 Manufacturers Equivalent Part Number.

Manufacturers Part Number

Example No. TNI Rodon
301 T6058 241103
302 T6059 241104
303 T6060 241105
304 T6061 241106
305 1'6062 241107
306 T6063 241108
307 T6064 241109
308 T6065 241110
309 T6066 241111
310 T6067 241112
311 T6068 241113
312 T6069 241114
313 T6070 241115
314 T6071 241116
315 T6072 241117
316 T6073 241118
317 T6074 241119
318 T6075 241120
319 T6076 241121
320 T6077 241122
321 T6078 241123
322 16079 241124
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Transformer Parasitic

Operation of transformers at high frequencies presents unique design problems due to the
increased importance of core loss, leakage inductance, and winding capacitance. Designing high
frequency power cbnverters is far less stringent than designing high frequency wide band audio
transformers. operating at a single frequency requires less turns, and consequently there is less
leakage inductance and less capacitance with which to deal. The equivalent circuit for a two
winding transformer is shown in Figure 9.2.

T01
C
W
R, Ly 9' L, Ry
O—a—AM—TTL M AAA—,— O
>
— R —
. c $3E N s
P
o, O
i
C'W

Figure 9.2 Equivalent transformer circuit.

High frequency designs require considerably more care in specifying the winding configuration.
This is because physical orientation and spacing of the windings determine leakage inductance
and winding capacitance. Leakage inductance and capacitance are actually distributed
throughout the windings in the transformer. However, for simplicity, they are shown as lumped
constants in Figure 9.2. Leakage inductance is represented by L for the primary and L for the

secondary, Cp and Cg are the equivalent lumped capacitance’s of the primary and secondary
winding, R,and Rg are the equivalent dc resistances of the primary and secondary windings, Cw
is the equivalent winding to winding capacitance, and R, is the equivalent core-loss shunt
resistance, The effects of leakage inductance and winding capacitance on switching power
circuits are shown in Figure 9,3.

The voltage spikes shown in Figure 9.3 are caused by the stored energy in the leakage flux and
will increase with load. These spikes will always appear on the leading edge of the voltage
waveform. Transformers designed for switching applications are normally designed to have
minimum leakage inductance in order to minimize the voltage spikes and reduce stress on the
switching transistors.
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Transformers designed for power conversion are normally being driven with a squarewave

characterized by fast rise and fall times. This fast transition will generate high current spikes in
the primary windihg due to the parasitic capacitance of the transformer. These current spikes,
shown in Figure 9.3, are caused by the capacitance in the transformer and will always appear on
the leading edge of the current waveform. This parasitic capacitance will be charged and
discharged every half cycle. Transformer leakage inductance and capacitance have an inverse
relationship: if you decrease the leakage inductance, you will increase the capacitance; if you
decrease the capacitance, you increase the leakage inductance, These are the trade-offs the power
conversion engineer must make to design the best transformer for the application.

Voltage spikes caused by transformer leakage inductance.

Vee Vee \

0 0

' éurrent spikes caused by transformer capacitance.

/; | |~ /

I

| | '
|
|

0 L 0
on | toff | ‘on | ton | toff | ‘on
ft— T —— jt—— T ——
Light load” Heavy Load

Figure 9,3 Transistor voltage and current switching waveforms

Minimizing Leakage Inductance

Magnetic core geometry has a big influence on leakage inductance. Magnetic cores used in
power conversion can be designed to reduce the leakage inductance. The ideal transformer has a
long winding length with a short winding build like T01as shown in Figure 9.4.
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T02

4 TO1 ¢

Core —» ]
Build I 4 ——-Winding . Build
| J—Bobbin

Figure 9.4 Low leakage, low profile transformer.

To minimize leakage inductance, the primary winding should be wound on a long bobbin (or
tube) with the secondary wound as close as possible using a minimum amount of insulation. A

toroidal core is ideal because the winding length is spread over the entire circumference of the
core.

If layer windings must be used, one way to minimize the leakage inductance is to divide the
primary wind ing into sections and then sand with the secondary winding between them as
shown in Figure 9.5. This can pose a real problem when designing around the European VDE
specifications because of the required creepage distants and minimum insulation between
primary and secondary.

Tol

econdary

— P
Primary oo condary
—1~— Primary

Figure 9,5 Interleaving primary and secondary windings.

Minimizing the leakage inductance on a push-pull converter design is a big problem. Special
considerations are required to get symmetry in both leakage inductance and dc resistance; this is
in order to get a balanced winding for the primary switching circuit to function properly.

The best way to minimize the leakage inductance and have a balanced dc resistance in a push-
pull or center-tapped winding is to wind bifilar. Bifilar windings will drastically reduce leakage
inductance. This condition also exists cm the secondary when the secondary is a full wave center-
tapped circuit. A bifilar winding is a pair of insulated wires wound simultaneously and
contiguously (i.e., close enough to touch each other; warning: do not use bifilar wire or the
capacitance will go out of sight). Each wire constitutes a winding; their proximity reduces
leakage inductance by several orders of magnitude more than ordinary interleaving, This
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arrangement can be applied to the primary, the secondary, or, it can be applied to the primary
and secondary together. This arrangement. will provide the minimum leakage inductance,

Capacitance

When a transformer is operating, different voltage gradients arise almost everywhere. These
voltage gradients are caused by a large variety of capacitance throughout the transformer due to
the turns and how they are placed throughout the transformer. When designing high frequency
converters, there are several factors that have a control over the turns: (1) the operating flux
density or core loss, (2) the operating voltage levels in the primary and secondary, and (3) the
primary inductance.

Keeping the turns to a minimum will keep the capacitance to a minimum,. This capacitance can
be separated into four categories: (1) capacitance between turns, (2) capacitance between layers,
(3) capacitance between windings, and (4) stray capacitance. The net effect of the capacitance is
normally seen by the lumped capacitance on the primary. This lumped capacitance is very
difficult calculate by it self. It is much easier to measure primary inductance and the resonant
frequency of the transformer, then calculate the capacitance.

C 1 1
P ((o,)zL = 4AnflL

Capacitance Turn to Turn

‘I’he turn-to-turn capacitance shown in Figure 9.6 should not be a problem in low voltage power
converters due to the low number of turns required at high frequency.

77
LI

7
= =

Figure 9.6 Capacitance turn to turn.

Capacitance Layer to Layer

The capacitance between layers on the primary or secondary is the biggest contributor to the
overall lumped capacitance. There are three ways to minimize the layer capacitance: (1) divide
the primary or secondary winding into sections and then sandwich the other winding between
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them as shown in Figure 9.5, (2) the foldback winding shown in Figure 9.7 is preferred to the
normal U type winding even though it takes an extra step before starting the next layer. (3)
increasing the amount of insulation between windings will decrease the amount of capacitance
but remember this will increase the leakage inductance. If the capacitance is reduced then the
leakage inductance will go up. There is one exception to this rule - sandwiching or interleaving
the windings, This will reduce the winding capacitance but will increase the winding-to-winding
capacitance.

A B
Figure 9.7 Comparing foldback winding A to a U winding in B.

Transformers and inductors wound on toroidal cores could have capacitance problems if care is
not taken in the design at the beginning. It is difficult to control the windings on a toroidal core
because of its odd configuration, but there are ways to control the windings and capacitance. The
use of tape barriers to mark a zone for windings as shown in Figure 9.8 offers a good way to
control this capacitance.

«-—— Tape barrier
Winding area
“«4—Toroidal core
Figure 9.8 Toroidal winding barriers.
Another way to help reduce the capacitance effect is to use the progressive winding technique.
The progressive winding technique is shown for example in Figure 9.9: wind 5 turns forward [F]

and wind 4 turns back [B], then wind 10 forward [F] and keep repeating this until the winding is

complete as shown in Figure 9.9.
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Figure 9.9 Using the progressive winding technique.
Capacitance Winding to Winding

Balanced windings are very important in keeping down noise and common mode signals that
could lead to in circuit noise problems later on. The capacitance from winding to winding can be
reduced by increasing the amount of insulation between windings. This will decrease the
amount of capacitance but again this will increase the leakage inductance. The capacitance effect
between windings can be reduced, without increasing the leakage inductance noticeably. This
can be done by adding a faraday shield or screen as shown in Figure 9.10 between primary and
secondary windings. The faraday shield is normally added along with the insulation between
primary and secondary. A faraday shield is a electrostatic shield and is normally made with
copper foil.

I'rimary —m- ~=— Secondary

#1 Shield #2 Shield

Figure 9.10 Transformer with a primary and secondary shield,

Stray Capacitance

Stray capacitance is very important to minimize because it to can generate asymmetry currents
and could lead to high common mode noise. Stray capacitance is similar to winding to winding
capacitance except that the capacitance is between winding next to the core Cc and winding to the
surrounding circuitry Cs as shown in Figure 9.11. Stray capacitance can be minimized by using a
balanced winding or using a copper shield over the entire winding.
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F
E i Surrounding circuitry
C

b

Core ———»

CC
»—_] Cc
Figue 9.11 Transformer winding with stray capacitance.

Summary

When a transformer is fabricated, all parameters should be measured and recorded. This should
include: (1) parasitic such as leakage inductance, (2) resonant frequency and (3) magnetizing
current. Although magnetizing current is not a parasitic but is important as it will give a handle
on the magnetic material and gap spacing, and it is a good shorted turn indicator. It will also
have merit when comparing one design with another.

A good transformer design will have a leakage inductance about =1% of the self inductance and a
resonant frequency at least a decade above the operating frequency.

Magnetic Design Examples Test Circuits

Introduction

The test circuits that follow are based on the 1.T1526/3526 PWM I.C. Although this device is not
considered a state of the art control I.C., it is simple to use, hard to damage and with just one
basic circuit allows testing of many different magnetic elements.

The magnetic element in a converter/inverter is the heart of the circuit. It should normally be the
first thing considered in the design. Some engineers consider the electrical circuit as a first
priority. They concentrate on the electrical circuit only to find later on that the magnetics are too
large for their application or impossible to build within a reasonable cost. This book makes it
much easier for engineers to make sure there their magnetics designs are optimum and therefore,
the electrical and mechanical portions require less effort and risk,
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Magnetic components are probably the single most flexible circuit element that the electrical
engineer can use. The variety of core geometries, wire sizes, types of wires (Litz, foils, square
stock, etc.) different bobbins and winding techniques all combine to form an almost infinite

number of potential solutions to any circuit requirement,

1.C. manufactures do not offer as wide a variety of components as magnetics manufactures but
the variations are still impressive, Linear Technology offers double ended devices in current
mode (LT1 846) and voltage mode (1.T1526). Single ended current mode (1241 family) are offered
as well as very high speed versions such as the LT1246. The LT11148/1149 family of devices offer
the engineer current mode single ended synchronous rectified control schemes that can have
efficiencies in the mid 90% region.

By paying close attention to the magnetics design, it is possible to have devices like the LTI105,
that use flux regulation of a secondary of a converter eliminating the opto isolator for isolated
designs. This is an example of how the circuit concept can only work when the magnetics is
considered first, The regulation of this circuit is a direct function of how the transformer in the
circuit is constructed.

There are other devices and engineering tools in development by both 1.C. and magnetics
manufactures that will help the electrical engineer optimize designs with greater accuracy in
shorter periods of time.

T'highly recommend that the readers of this book build up the test circuits and keep them around
the lab. They are useful tools for evaluation of what you build for yourself or of what your
magnetics vendors are supplying to you. In many cases, you may be able to “scale” the designs
for other applications.

Ron G. Vinsant
Linear Technology
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Figure 9.19 Isolated buck-boost converter design example 315 & 318 test circuit.
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Parts List

Component Value

1 C101 10 uf 35 volts

2. C102 0.1uf 100 volt

3. C103 0.0022 pf 100 volt

4. C104 0.1puf 100 volt

5. CR101 1N5818

6. CR102 1N5818

1. CR103 IN5818

8. CR104 INb5818

9. CR105 1N5929A

10. CRI06 1N4933

11. CR107 1N5929A

12. CR108 1N4933

13. Frequency Control

R101 ~10KQ 1 /2W (50kHz)
R101 =22KQ 1 /72W (25kHz)

14, R102 1K

15. RI0.3 47Q1 /2w

16. R] 4 1KQ 1 /2W

17. R105 47Q1/2w
-18. R] 06 1KQ1/2W

19. R107 1KQ1/2W

20. R108 1KQ1/2W

21. R109 1KQ 1/72W

22. R110 1KQ I/72W

23. T101 Drive Trans.

24, U101 LT1526B, 2526B, 3526B
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Type

150D
CKO06
CKO06
CKO06
Schottky
Schottky
Schottky
Schottky
Zener
F/R
Zener
F/R

RC20
RC20
3359P
RCR20
RCR20
RCR20
RCR20
RCR20
RCR20
RCR20
RCR20
322
PWM

PWM L.T1526B Oscillator and Output Drive

Manufacturer

Sprague
Mallory
Mallory
Mallory
Motorola
Motorola
Motorola
Motorola
Motorola
Motorola
Motorola
Motorola

Ohmite
Ohmite
Bourns

Ohmite
Ohmite
Ohmite
Ohmite
Ohrnite
Ohmite
Ohmite
Ohmite

Linear Technolgy



. Parts List

Half Bridge Design Example 302,

Component Value Type Manufacturer
1 C1 10uf @ 250V TVA1501 Sprague
2. C2 2uf @ 200V 430P Sprague
3. C3 2pf @ 200V 4301 Sprague
4, CR] MUR420 F/R Motorola
5. CR2 MURA420 F/R Motorola
6. CR3 MUR420 F/R Motorola
7, CR4 MURA420 F/R Motorola
8. CR5 MUR420 F/R Motorola
9. CR6 MUR420 F/R Motorola
10. CR7 MUR420 F/R Motorola
11. CR8 MURA420 F/R Motorola
12. Q1 MTI'7N20 MOSFET Motorola
. 13. Q2 MTP7N20 MOSFET Motorola

14. Resistor RI (5 volts@ 2 amps)

5Q 25W Ohmite

5Q 25W Ohmite
15. Resistor R2 (28 volts@ 1 amps)

15Q 25W Ohmite

15Q 25W Ohmite
16. Resistor R3(12 volts @ 0.5 amps)

25Q 25W Ohmite
17, T1 Transformer 302
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Component Value

1. cl 10puf @ 250V

2. CR1 MUR420

3. CR2 MUR420

4, CR3 MUR420

5. CR4 MUR420

6. C R 5 MUR420

7. CR6 MURA420

8. CR7 MUR420

9. CR8 MUR420

10. Q1 MTP7N20

11, Q2 MTP7N20

12. Q3 MTP7N20

13. Q4 MTP7N20

14. Resistor R] (5 volts@ 2 amps)
5Q
5Q

15. Resistor R2 (28 volts@ 1 amps)
15Q
15Q

16. Resistor R3 (12 volts@ 0,5 amps)
25Q

17. T1 Transformer

Full Bridge Design Example 303.

Parts List
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Type

TVA1501
F/R
F/R
F/R
F/R
F/R
F/R
F/R
F/R
MOSFET
MOSFET
MOSFET
MOSFET

25W
25W

25W
25W

25W
302

Manufacturer

Sprague

Motorola
Motorola
Motorola
Motorola
Motorola
Motorola
Motorola
Motorola
Motorola
Motorola
Motorola
Motorola

Ohmite
Ohmite

Ohmite
Ohmite

Ohmite



. Parts List

Push-Pull Design Example 301

Component Value Type Manufacturer
1 cl 100pf @ 50V TVA1310 Sprague
2. CR1 MUR420 F/R Motorola
3. CRrR2 MUR420 F/R Motorola
4. CR3 MUR420 F/R Motorola
5. CR4 MUR420 F/R Motorola
6. CR5 MUR420 F/R Motorola
7. CRé6 MUR420 F/R Motorola
8. CR7 MUR420 F/R Motorola
9. CR8 MUR420 F/R Motorola
10. CR9 MUR420 F/R Motorola
11. CR1O MUR420 F/R Motorola
12 Q1 MTH20N15 MOSFET Motorola
‘ 13 Q2 MTH20N15 MOSFET Motorola
14, Resistor RI (5 volts@ 4 amps)
4) 5Q 12W Ohmite
15. Resistor R2 (12 volts@ 0,25 amps)
47Q 12W Ohmite
16. Resistor R3(12 volts @ 0.25 amps)
47Q 12W Ohmite
17. T1 Transformer 301
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‘ Parts List

Forward Converter Design Example 304

Component Value Type Manufacturer
1. C1 100uf @ 50V TVA1310 Sprague
2. CR1 MUR420 F/R Motorola
3. CR2 MUR420 F/R Motorola
4. CR3 MUR420 F/R Motorola
5. CR4 MUR420 F/R Motorola
6. CR5 MURA420 F/R Motorola
7. Q1 MTH25N10 MOSFET Motorola
8. Resistor R1 (5 volts@ 2 amps)

2 5Q 12w Ohmite
9. Resistor R2 (12 volts@ 2 amps)

2) 15Q 25W Ohmite

‘ 10. T Transformer 304




. Parts List

Buck Converter Design Example 312

Component Value Type Manufacturer
1. 1 100pf @ 50V TVA1310 Sprague
2. CR1 MUR420 F/R Motorola
3. Q1 MTJ10NO5 MOSFET Motorola
4, Q2 MT1'1ONO05 MOSFET Motorola
5. Resistor R1 (10 volts@ 4 amps max.)
2) 5Q 50W Ohmi te
6. L2 Inductor 312
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Parts List

Inverted Buck-Boost Converter Design Example 317

Component Value

1 cl 100pf @50V

2. CR1 MUR420

3. Q1 MTP10N05

4. Q2 MTP10N05

5. Resistor R1 (28 volts@ 1 amps max.)
2 15Q

6. 1.2 Inductor
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Type

TVA1310
F/R

MOSFET
MOSFET

50W
317

Manufacturer

Sprague

Motorola
Motorola
Motorola

Ohmite



. Parts List

Boost Converter Design Example 313

Component Value Type Manufacturer
1 cl 100uf @ 50V TVA1310 Sprague
2. CR1 MUR420 F/R Motorola
3. Q] MTT10N08 MOSFET Motorola
4, Q2 MTP10N08 MOSFET Motorola
5. Resistor RI (57 volts@ 1 amps max.)
( 1) 500 LKW Ohmite
6. L2 Inductor 313
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Parts List

Flyback Converter Design Example 318

Component Value Type Manufacturer
1 Gl 100pf @ 50V TVA1310 Sprague
2. CR1 MUR420 F/R Motorola
3. CR2 MUR420 F/R Motorola
4, Q1 MTP8N08 MOSFET Motorola
5. Resistor R1 (5 volts@ 1 amps)
5Q 12W Ohmite
6. Resistor R2 (12 volts @ 0.3 amps)
50Q 12W Ohmite
7. T1 Transformer 318

Mag-amps will be check in the single ended forward converter example 304 test circuit.
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